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WHAT FEATURES DO 17/0) NEED 
IN A CUTTING TORCH? 


In the Victor line you'll find all the features you 


want! You have a choice of preheat gases, heads, 


lever positions, lengths, wide operating range. 


FOR ACETYLENE: Model ST and MO series hand-cutting torches. OPERATING RANGES: Standard ST and MO 
models cut to approximately 8”, using acety- 
lene tips to size 5. Heavy duty (HD) models 
are available for work requiring tips above 


OTHER FUEL GASES: The new Model STN series hand-cutting 
torches with improved injector type gas mixers operate on either 
low (2-6 oz.) or medium pressure natural or propane type gases. 
This design has been thoroughly field tested and proven for maxi- size 5, for gouging, scarfing, scrap cutting, 
mum performance and efficiency. etc. The new STN series use natural or pro- 
pane type tips to size 8 
HEADS: You can have either Everdur bronze (ST) or Monel (MO) 
head, angled at 90°, 75°, 180° ... or 45 (ST models only). 
Remember, you can get Victor cut- 


XYGEN LEVER POSITIONS: Four, h : ‘ 
ting attachments and machine cut- 


ting torches for use with acet ylene— 


also for use with low or medium pres- 


sure natural or propane type gases. 
| ST 1000 or MO 1000 Model ST 1100 or MO 1100 


For the finest choice in cutting equip- 
ment, call on your Victor dealer now. 


Model ST 1200 or MO 1200 Model ST 1300 or MO 1300 


VicIOR EQUIPMENT COMPANY 


LENGTHS: 21”, 27”, 3’ and 4’. (Special lengths on request). 


1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 
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Midwest Welding Conference Stresses New Fields 


The sixth annual Midwest Weld- 
ing Conference was held on February 
3 and 4 at the Illinois Institute 
of Technology in Chicago, under the 
joint sponsorship of the Armour Re- 
search Foundation and the Chicago 
Section of AWS. 

The two-day meeting offered 
papers and discussions on many 
phases of welding including the most 
recent .developments brazing, 
arc and resistance welding. How- 
ever, special emphasis was placed 
on the relatively new field of weld- 
ing in missiles and supersonic air- 
craft, as well as joining techniques 
used in nuclear-power installations. 

An attendance of over 250 mem- 
bers, guests and other business and 
industrial leaders was reported by 
Director Harry Schwartzbart, super- 
visor of welding research at Armour 
Research Foundation. 

The opening paper, given by 
Thomas H. Burns of Thiokol Chem- 
ical Corp., concerned joining prob- 
lems in the development of the 


Minute Man missile. He stressed 
that the welding of ultra-high- 
strength steels involved not only 
problems in welding but in obtaining 
welds to match the strength of the 
steels. 

On the second day, a paper on 
welding operations at the Enrico 
Fermi reactor was delivered by 
Bela Ronay, co-author with 
William O. Wright and Louis Kovac. 

Others who gave papers and 
headed the discussion that followed 
were: Allen F. Busto, Fansteel 
Metallurgical Corp.; Joseph Melill, 
North American Aviation, Inc.; 
Warren McGonnagle, Argonne Na- 
tional Laboratory: Jack Ogden, 
Fisher Body Division; R. H. Hurle- 
baus, The Budd Co.; E. H. Franks, 
Electric Boat Division; Stanley 
Donelson, M & C Nuclear, Inc.; 
G. R. Rothschild, Air Reduction 
Co., Inc.; Robert D. Wylie, Bab- 
cock & Wilcox Co.; and Robert S. 
Ryan, Columbia Gas System Service 
Corp. 


Some of the 250 attendees at the recent Midwest Welding Conference at Chicago 
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G. C. Cusack 
Cusack Pure Carbonic President 


G. C. Cusack, executive vice- 
president of Pure Carbonic Com- 
pany, a division of Air Reduction 
Company, Inc., has been named 
president of the division, effective 
March 1, 1960, it was announced 
by John A. Hill, president of the 
corporation. Mr. Cusack succeeds 
J. J. Lincoln, Jr., who has been 
transferred to the executive staff of 
the parent company. 


Indiana ASM Symposium 


Seven Indiana Chapters of the 
American Society for Metals are 
holding a joint meeting at Purdue 
University, Apr. 23, 1960, to discuss 
the subject ‘‘New Horizons in Metal 
Joining.” 

In addition to presenting material 
of welding importance, some of the 
speakers are well-known members of 
AWS. An invitation is therefore 
extended to all members of the 
AMERICAN WELDING SOCIETY. 

For further details, write to Paul 
A. Lauletta, Joslyn Stainless Steels, 
1702 McKinley Ave., Fort Wayne, 
Ind. 


NCG Moves Regional Office 


Bala Cynwyd, Pa., in the Phila- 
delphia area, is the new location of 
the Northeastern regional office of 
National Cylinder Gas Division of 
Chemetron Corp. It was formerly 
in North Bergen, N. J. 

The new headquarters, at 1 Bel- 
mont Ave., also will be the office of 
the region’s accounting staff in the 
near future, according to C. D. Mc- 
Guinn, division vice president. 

F. E. Cain has been appointed 
manager, succeeding A. G. Scherrer, 
who retired recently. Assistant to 
the regional manager is D. R. Bald- 
win, and R. V. Leffler is sales as 
sistant. 

The Cleveland, Buffalo, Youngs- 
town and Pittsburgh districts of 
NCG have been transferred into the 
Northeastern region. 
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HOBART 


WELDING 


PROCESS. ... up to 50% faster than older methods ...and 


—much more versatile! 


© Welds in all positions 


@ Welds light and heavy gage 
with minimum distortion 


e Uses inexpensive CO. gas 


@ Permits welding up to 200 
amperes DC on a 100% duty 
cycle 


You get the feeling that this is a gun 
designed for action the instant you 
pick it up. It’s so light —only 14 oz., 
fits so comfortably, maneuvers so eas- 
ily, you hardly know it’s in your hand. 
The gentle curve of its nozzle puts the 

icho-witte exactly where you want 
it. A flick of the handy thumb switch 
starts gas flow and wire feed at a con- 
stant speed. It welds perfectly in places 
where it may not be possible to use 
stick electrodes. Spatter is practically 
non-existent. All connections to the 
gun are encased in a single flexible, 
lightweight, small diameter extruded 
jacket. 
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This small easy-to-use “‘MIGARC” automatic wire 
feed control is the perfect companion to the 

licho-wire gun. Permits wire feed speeds from 
34” to 340” per minute 


FOR MORE COMPLETE DETAILS on how Hobart’s new 
icro-wihe welding process can profitably work 
for you . . . fill out and mail this coupon today. 


HOBART BROTHERS CO., BOX WJ-40, Troy, Ohio 


anufacturers of the world’s most complete line 
of arc welding equipment’’ 


For details, circle No. 2 on Reader Information Card 


See this €quipment 
at the A.W.S, 


WELDING SHOW 
Booth No. 318 


Weld in all positions with the same 
speed and efficiency of flat position 
welding. 


Eliminates cleanup time, electrode 
changing and costly stub end loss. 


HOBART BROTHERS CO., BOX WJ-40, Troy, Ohio, Ph. FE 2-1223 


Yes, give me all the facts about your new Mcro-wire welding process, 
without obligation of course. 

Our work is__— 


| 7 HOBART 
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Mounted on the huge 50-ton 
welding positioner is the 
partially fabricated runner 
for one of two 63,500-hp 
hydraulic turbines being 
added to the Fort Peck Dam 
power facility. (Photo court- 
esy of Allis Chalmers Manu- 
facturing Co.) 


One of four 60-ton heat ex- 
changers being made at 
Babcock and Wilcox's Bar- 
berton, Ohio, plant, this unit 
will convert the heat of nu- 
clear fission to steam at the 
Indian Point generating sta- 
tion of the Consolidated Ed- 
ison Co., N. Y. Ten miles of 
l-in. stainiess-steel tubing 
comprise the bundle for 
each of these 40-ft long ves- 
sels 
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Light weight permits a shal- 
low draft for this all-welded 
pilot boat made of aluminum 
alloy 5083. The 35-ft craft 
with an 11-ft beam and 10-ton 
displacement was made by 
Higgins, Inc., New Orleans. 
(Courtesy Kaiser Aluminum 
and Chemical Corp.) 
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why, you to 
PICKER first 


ic inspection problems 


*Ke.g. 
right machine-—-x-ray or isotope— 
best (x-ray is better for some jobs, isotopes for 
an you find anything even approaching the range of 
t Picker offers (see index below for some idea) 


local service - the dependable facilities of the 
ationwide Picker 4#Ray service network. Right in your own backyard 
re’s probably a M§cal Picker office with service engineers constantly on 
the job to keep yout equipment running at peak form. 

ou get expert Sounsel on anything and everything having to do with 

Madiography or flugroscopy. We’ll test radiograph your own product 
id come up withirecommendations. Advise you on exposure technics: 

plan and supervisé shielded installations—go the whole way 
with you, for you. We even offer a training course on Basics of Radiography: 
it comes free with the purchase of Picker equipment. 


® 
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all tls at your command by simply calling your local Picker office 
see "phone book) or writing Picker X-Ray Corporation, 
South Broadway, White Plains, New York. 


for in-the-field radiography steel 
up to 2” thick (e.g., pipeline work) 
here’s a case in point 


INSPECTION CABINETS 
te 
TECH /OPS THULIUR vrs 


TECH /OPS UNITS 50 curies 
3 = 


10. 50. ond 100 curies 


PICKER 
PICKER “LE X-RAY 
1250 curtes, Cobelt 


v 


av. 1108 
PICKER K.RAY UNITS 
PORTABLE 35 KV Beryitem Wieder 
v 


AMOREX PORTAGLE X-RAY UR 


30 curtes, tride 


no capital investment if you’d rather rent @ ask about the PICKER RENTAL PLAN 


For details, circle No. 3 on Reader Information Card 
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BELGIUM 


An engineer of the Cockerill firm 
in Belgium discussed in Revue 
Universelle Des Mines, 9, 15 (1959), 
superheater tubing for high pressure 
power boilers. Type 347 steel was 
considered best for tubing because 
it had high creep strength. A 
Type 347 electrode depositing weld 
metal containing some ferrite was 
selected for welding. Among the 
numerous brands tested, some were 
found to lose impact value much 
more rapidly than others at 1112° F. 
The hot cracking of fully austenitic 
alloys was accentuated by Si, S and 
C which formed films of low melting 
silicates, sulfides and columbium 
carbides around the austenitic 
crystals. An Inconel electrode was 
used to weld the 2'/,%% Cr tubing to 
the austenitic alloy, because it had 
favorable thermal expansion char- 
acteristics, practically prevented car- 
bon migration, and could be fused 
deeply into the ferritic steel without 
formation of brittle dilution zones. 


CZECHOSLOVAKIA 


The welding magazine, Zvaranie, 
of Czechoslovakia for May 1959 de- 
scribes a Rumanian process for flash 
welding gray cast iron containing 
lamellar graphite. The process in- 
volved slow preheat, 1'/, min being 
required to complete a weld in bars 1 
in. diam. The hardness of the weld 
zone was 185-211 Brinell. A descrip- 
tion is given of the RZ process for pro- 
ducing nickel, ferrochromium and 
other metal powders for electrode 
coatings. 

The June issue contains experi- 
mental determinations of tempera- 
ture distribution near electroslag 
welds in 3% Cr steel plates 6°/, in. 
thick. Flash welding of copper to 
aluminum bars was found to require 
very short projection of the copper 
beyond the platen and long projec- 
tion of the aluminum. A _ thin 
diffusion layer was observed in the 
microstructure of the joint. Syl- 
phon bellows have been used suc- 


Dr. GERARD E. CLAUSSEN is associated with 
Arcrods Corporation, Sparrows Point, Md. 
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cessfully to apply pressure on weld- 
ing jigs. 


ITALY 


Revista Italiana Della Saldatura, 
11, 83(1959) reports that the Filler 
Metal Committee of the Italian 
Institute of Welding met in March 
1959 to discuss reports from three 
subcommittees. 1. Microcracks 
were found in beads deposited 
on 2°,,,-in. steel plates by rutile 
electrodes and to a less extent by 
6020 electrodes, but not by low- 
hydrogen electrodes. Beads on 
0.59-in. plates, even when quenched 
in cold water one minute after weld- 
ing, did not exhibit comparable 
microfissuring. 2. An inter-pass 
temperature of 480° F was pre- 
ferred to the boiling water dip for 
testing butt welds for electrode quali- 
fication. So far as hydrogen was 
concerned, the two methods were 
nearly equivalent, and air cooling 
was less costly. 3. Deep penetra- 
tion electrodes were found to pro- 
vide inadequate root fusion for the 
reverse side of 60-deg double-V welds. 
If the groove angle was increased to 
assure root fusion, the use of the 
electrode became uneconomical. 


RUSSIA 


The Russian automatic welding 
magazine‘‘Avtomaticheskaya Svarka”’ 
for April 1959 contains the following 
articles. 

1. The strength of 5 types of 
joints between mild-steel tubing and 
gusset plates was measured at —76° 
F. The strongest type involved 
welding a cap over the end of the 
tube instead of flattening or slotting 
the tube. 

2. A discussion of the relative 
merits of welding Tee fillet joints 
from one or both sides with contin- 
uous and intermittent welds. For 
thin materials 0.008-0.22 in., weld- 
ing from one side only often is 
adequate (no test results.) 

3. The shape of the boundary 
between solid and liquid weld metal 
in electroslag welding was measured 
on weld cross sections. Width in- 


by Gerard E. Claussen 


creased then decreased as the rate 
of feeding electrode was increased. 
The depth of the pool increased as 
electrode feed rate and voltage were 
increased. 

4. In welding 0.5% Mo steel clad 
with Type 410 stainless steel (12° 
Cr, 0.06% C), Type 309 electrodes 
and preheat are recommended for 
the Type 410 side. 

5. Submerged-arc welds, made 
with flux An-Ti in '/;-in. sheets 
of titanium alloy containing 6.3%, 
Al, 3.8% V, 0.18% Fe, 0.09% Si, 
0.087% O, 0.005% H, 0.049% N, 
0.05% C with electrodes of the same 
composition at 180-220 amp, ex- 
hibited a marked increase in hard- 
ness from an as-welded value of 280 
Vickers to 330 Vickers after heating 
30-75 min at 750° F. Electron 
microscopy showed the presence 
of omega phase, an intermediate 


product in the decomposition of 


metastable beta phase. 

6. A ceramic-bonded flux un- 
usually resistant to rust and damp- 
ness in submerged-arc welding mild 
steel at 450 amp contained 60°, 
manganese ore, 10° CaF:, 20% 
SiO., 10°% of 75% ferrosilicon. The 
high-oxygen content of the flux 
helped reduce the partial pressure 
of hydrogen below the value pro- 
vided by the hydrogen—fluorine 
reaction. 

7. Electroslag welds in boiler 
shells 2 in. thick of medium alloy 
steel made with electrode wire con- 
taining 0.08 —-0.14% C, 1.0-1.3% 
Mn, 0.4—0.7% Si, 0.4—0.7% Cr, 
1.5 - 2.0% Ni, 0.2 -0.3% Mo, 0.1% 
Ti had as high Mesnager round- 
notch impact properties at +68° F 
and —22° F as base metal 

8 An hydraulic press is described 
for cold welding copper trolley wire. 

9. The remelting of steel bars 
by the electroslag process to produce 
ingots was found to improve the 
cleanliness and homogeneity of the 
steel. Tool steels and _ stainless 
steels were investigated. 


Welding Experiments 


The contents of the May 1959 
issue of the Russian automatic 
welding magazine Avtomaticheskaya 
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SUNDAY SCHOOL 
FOR FAITH 


NATIONAL SUNDAY SCHOOL WEEK, APRIL 11 TO 17, 1960 


sponsored by the Laymen’s National Committee, an All Faiths organization 
This advertisement is presented as a public service by: 
Rene D. Wasserman, President 
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Svarka, include: 
1. Tensile and 


impact 
tests are reported for a titanium- 


notch 


killed steel 2°/,, 3'/. and 6'/, in. 
thick (0.119% C, 1.5°% Mn, 0.50% 
Si, 0.01°% Ti, 0.003°, N) having a 
yield strength of 35,000 psi at 662° 
F and resistant to loss of toughness 
in the heat-affected zone as a result 
of electroslag welding (transition 
temperature of heat-affected zone = 
—13° F). The steel therefore does 
not require normalizing after electro- 
slag welding. Crack-sensitivity tests 
for electroslag welding and for the 
root pass of submerged-arc welding 
showed the steel to be insensitive 
to cracking. The steel was better 
in most respects than the common 
0.26% C steel. 

2. To weld steel containing 0.29% 
C, 0.90% Mn, 1.05°% Si, 0.98% Cr 
over '/, in. thick witin CO, shielding 
a root pass with mild-steel electrode 
is recommended, followed by suc- 
cessive passes with an electrode con- 
taining 0.10°% C, 2.0-2.5°% Mn, 
0.3-0.5% Si, 2.5-—3.0% Cr with 
or without 0.40% Mo. The weld 
is 360-375 Vickers after oil quench 
and temper. The addition of up 
to 0.4% V was not advantageous. 

3. In electroslag welding with 
steel electrodes 1.18 — 2.36 in. diam., 
the droplets are 8 — 10 times larger 
than with '/;-in. electrodes. The 
drops weigh 2-6 g. The indica- 
tions are that only a small propor- 
tion of the current flows through the 
drop and that the surface tension is 
high. Drop frequency and weight 


depend on electrode diameter and 
electrical conditions. 

4. The principles of a_three- 
phase frequency converter for resist- 
ance welding are explained. 

5. Within the specification limits 
of a silico-manganese steel for 
welded building construction (0.12 - 
0.17% C, 1.2 — 1.4% Mn, 0.5 — 0.7% 
Si) some heats had acceptable transi- 
tion temperature, others did not. 
The acceptable heats were at the 
lower limit of carbon and silicon 
(0.12% C, 0.55% Si), as judged 
by notch-impact and Kinzel tests. 

6. Sigma phase appeared in 
Type 347 weld metal heated for 
long periods at 1200 - 1475° F to 
the greatest extent when ferrite was 
present. X-ray and electrochemical 
analysis (20°, HCL, 0.02 amp/cm?) 
revealed two distinct modifications 
of sigma. 

7. A method of preparing carbon 
replicas is described for welds in 
titanium and aluminum. 

8. The cause of brittleness at 
900° F in a steel weld metal con- 
taining 0.06% C, 28% Cr, 10% Ni 
(65° % ferrite) was studied through 
microstructure, notch-impact and 
magnetic tests. The brittleness is 
due to concentration of chromium 
atoms at the grain boundaries of 
the ferrite, the microhardness of 
which rises to 550. 

9. Describes a low-voltage, con- 
stant-current, self-excited generator 
for CO, welding with electrodes 
0.020 — 0.047 in. diam. 


SWEDEN 


Prefabricated sections of this bridge are designed for quick and simple field assembly. 
One of a packaged line, this type can handle up to 33-ton trucks over a free span of about 
300 ft. (Courtesy Hans Schrader Delta, AB, Stockholm, Sweden) 
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Applied Research 


The contents of the June 1959 
issue of the Russian automatic weld- 
ing magazine Avtomaticheskaya 
Svarka, include: 

1. Report No. 1 of a series deal- 
ing with the creep strength of 
welded steels describes structural 
changes in unwelded steel containing 
0.11% C, 0.683% Mn, 0.20% Si, 
0.92% Cr, 0.60% Mo during creep 
tests lasting up to 4500 hr at tem- 
peratures from 932 to 1094° F. 
Deformation occurred by a com- 
bination of shear displacement along 
grain boundaries and slip within the 
grains. Diffusion favored poly- 
gonization and formation of sub- 
structure, which explained strength- 
ening observed in the first 500 hours 
of test. 

2. A properly fused seam weld 
in mild steel 0.069 — 0.079-in. sheets 
is 0.005 — 0.010 in. thicker than the 
sum of the two sheet thicknesses. 
Unfused areas are 0.004 — 0.022 in. 
thinner than the sum of two sheet 
thicknesses. Unfused areas not 
over 0.08 in. long do not fail in 
hydrostatic tests at 85 psi. 

3. Residual stresses in three 
dimensions were measured in elec- 
troslag welds in mild steel 4 in. 
thick. No example of simultane- 
ous tension in all three dimensions 
was found. Residual tensile stresses 
up to 25,000 psi were reduced to 8000 
psi or less by stress relief at 1250° F 
followed by cooling at 45° F per hr. 
In the course of 60 days at room 
temperature, no change in dimension 
could be detected in the welded 
beam. 

4. A literature review on welding 
molybdenum. 

5. Hot cracking in single-phase 
austenitic weld metal, for example 
19 —- 26% Ni, 16-18% Cr, in sub- 
merged-arc welding is attributed 
partly to polygonization, and partly 
to selective intergranular penetra- 
tion of alloying elements at the 
columnar grain boundaries in the 
solidification front. General rem- 
edies are suggested. 


SWEDEN 


Issue No. 1 for 1959 of the 
magazine of the Swedish ESAB 
firm, Tidning Svetsaren, contains 
charts of frequency of expected load 
to assist in deciding whether to select 
a multioperator power supply or 
several single operator sets for a 
given shop. 

In the same issue, the failure of a 
welded stainless-steel wool-dyeing 
reel by stress corrosion is described. 
Stress relief at 930-1020° F is said 
to be the cure. 
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COBALT 60, CESIUM 137, IRIDIUM 192... 


the whole story in a nutshell in Ansco’s free new 


““RADIOISOTOPES IN INDUSTRY” 


If you are working with radio- 
isotopes, or plan to work with them, 
then this new technical brochure 
is a must for your files. 
It gives needed facts and figures 
on the use of major radioisotopes 
. explains in detail half-lifes, in- 
tensity, energy . . . and, describes 
how each of these characteristics 
affect exposure time and radio- 
graphic quality. It also presents 
basic exposure factors and com- 
pares the quality of radiographs 
made by exposure to x-rays and Ansco, Binghamton, New York 
gamma rays. Industrial X-ray Dept. 


SEND FOR YOUR FREE Gent! PI 4 Radiol 
COPY NOW! sentlemen: Please send me a copy of adioisotopes In 
Industry”. I am actively engaged in industrial X-ray work. 
Name 
Position 
Firm 


Address 
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Chipping anchor wears 100% longer 
when hard-faced with Inco-Hard “1”’... 


This 6-foot high chipping anchor is 
used at a smelter in Ontario, Can- 
ada, to remove slag from hot con- 
verters. The 2,000 Ib steel anchor is 
lifted by a crane, lowered into the 
mouth of a converter and positioned 
beneath the slag crust. One of the 
three prongs then engages the crust 
and pulls it away as the crane hoist 
is raised. 

It’s a tough, abrasive, service that 
quickly wears away the anchor’s 
tips. But, using Inco-Hard* “1” elec- 
trodes for hard-facing, double ser- 
vice life. All five of the chipping 
anchors used at the smelter are 
tipped with 14-inch deposits of this 


“y 
WELD 


TRADE MARK 
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weld metal to increase service life. 


Hard-facing pays 

With performance like this, it’s very 
economical to “armor” critical wear 
points on slag-chipping anchors... 
or to reface such points when worn 
down in service. Mixer blades, 
bucket lips, wearing plates and 
dredge spud points are typical of 
the many applications where hard- 
facing with Inco-Hard “1” electrodes 
is the inexpensive way to extend 
service life. 


Hardness comes easy 
Despite the high hardness developed 
by Inco-Hard “1” electrode, the de- 


electrodes * wires * fluxes 


For details, circle No. 6 on Reader information Card 


posit is easy to make. With either 
AC or DC, you get a stable, spray- 
type arc in all positions with a mini- 
mum of spatter. ““Wash” is excellent, 
slag removal good. Deposition rate 
is high with excellent control over 
bead contour and size ... so smooth 
that grinding is seldom needed. 
For more details, for information 
as to how you can get a free sample, 
write for our new 6-page brochure, 
“Inco-Hard ‘1’ Electrode for Hard- 
surfacing ...”. 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


*Inco trademark 
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The art of welding has advanced beyond even 
the concepts of some of our most brilliant welding 
engineers and yet, to date, we as a society have not 

‘ succeeded in fully educating the public to accept 
this important fabrication tool as reliable and 
trustworthy. Here are typical examples. Re- 
cently I purchased asmall tractor. The salesman 

. fearing that I, like most of the public, would not 
trust welding, pointed to the welds and, with 
tongue-in-cheek, said: ‘“‘these should stick.” 

A physics teacher in one of our high schools 
announced to his classes that a welding failure 
caused the death of two construction workers in 
the area. In reality a crane fell on two girders, 
temporarily tack welded. Had they been held 
together with alignment bolts pending comple- 
tion, the same accident would’ no doubt have 
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We Can Meet the Challenge 


occurred; yet, the blame would have been placed 
where it rightfully belonged—on the falling 
crane. 

Our leaders of tomorrow need to learn how 
welding has been successfully used for manufac- 
turing of aircraft, missiles, ships, automobiles, 
nuclear reactors and equipment used for road 
building, oil, chemical and food processing, as 
well as hundreds of items in daily use. 

Entering the 1960’s I believe we should dedi- 
cate ourselves to educating the public on the 
value of welding: first, to build faith, and, sec- 
ondly, to interest future engineers in this field 
as a profession. Our immediate need for quali- 
fied welding engineers is great. It will be far 
greater as the decade progresses. Our task is 


clear. By working together we can meet this need. 
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Model SR-1000-A1 


made completely sealed semi-metalicrectitrs. It delivers 1000 amperes 
of d-c at 40v on 100% duty cycle. 


be replaced with optional remote control. Parallel or series hookups are 

provided for with multiple output controls available. 

_ Advantages of the Miller SR-1000 include minimum maintenance, quiet 
low idling input, low starting currents and marked economy. 


r 


250-L Traditional Miller welder/power plant efficiency is retained 
“in the new DD-250-L d-c welder and a-c power plant to which has been 
added diesel economy and safety. 

Hercules 38 h.p. 3 cylinder direct injection diesel engine drives new Miller 
-DD-250-L d-c welder/a-c power plant, which delivers: 

Two d-c welding ranges: 50-200 amperes, 150-350 amperes : 
Duty Cycle: 100% 

Maximum open circuit voltage: 65 
Current adjustment steps: infinite 
_ while welding. 1 KW, 115v auxiliary d-c power while welding. 


For details, circle No. 7 on Reader Information Card 
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The Washington Water Power Co., Noxon Rapids Hydroelectric Development 


Fabrication, erection, welding and testing of 


Largest Welded T-1 Steel Spiral Casings 


BY L. SEELAND 


Within recent months, four of the largest hydroelec- 
tric turbine spiral casings made of T-1 steel have been 
completed, and provisions have been made for a 
future fifth unit. 

The project is known as the Noxon Rapids Hydro- 
electric Development, constructed for the Washing- 
ton Water Power Co. and was placed in operation in 
1959 and early 1960. This project, which has an ulti- 
mate capacity of 500,000 kw, is located on the Clark 
Fork River near Noxon, Mont., about 38 miles down- 
stream from the Thompson Falls Development of the 
Montana Power Co. and 20 miles upstream from the 
existing Cabinet Gorge Development of the Wash- 
ington Water Power Co. 

The original design of the spiral casings was based 
on using ASTM 285 Grade B mild steel having a 
yield of 27,000 psi and an ultimate strength of 50,000 
to 60,000 psi which developed a maximum plate 
thickness of 1°/, in. In order to reduce the plate 
thickness, the relatively new T-1 steel was selected 
for its high strength, excellent properties of notch 
toughness at low temperatures and its good welding 
properties. This T-1 steel is a low-carbon, quenched- 
and-tempered alloy plate steel which develops a 
90,000-psi yield with 105,000-psi tensile strength. 

Each T-1 steel spiral casing weighed approxi- 
mately 108 tons and was designed for 152-ft head 
with a maximum pressure of 85 psi, without exceed- 
ing 27,500 psi on the net section with a 90% weld 
efficiency. A minimum thickness of '/, in. was used 
for the T-1 steel plates and the maximum thickness 
was under 1 in. The inlet of each casing is 24 ft in 
diam. 

E. L. SEELAND is Superintendent of Design and Welding Engineer, 
Ebasco Services, Inc., New York, N. Y 


Paper to be presented at AWS 4lst Annual Meeting in Los Angeles, 
April 25-29, 1960. 


500,000 kw ultimate capability 


TAPERED RING 


OF T-1 STEE 


Fig. 1—Carbon-steel stay ring 


Shop Assembly 

The carbon-steel stay ring, 28 ft in diam and 9'/, 
ft high, was shop fabricated by welded assemblies in 
four separate sections which were bolted together 
in the field to form a complete unit (Fig. 1) 

A tapered sectional ring of T-1 steel, 2: . wide, 
was shop welded to the top and bottom of the carbon- 
steel stay ring and furnace stress relieved at 1150° F. 

The stay ring was erected first at the shop, and the 
plates assembled using internal spiders and adequate 
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clips to maintain alignment and gaps between ad- 
jacent plates (Fig. 2). 

All plates were bent cold and the maximum per- 
missible misalignments of the plates were kept 
within in. 

To compensate for the accumulation of weld 
shrinkage in the longitudinal direction, it is standard 
practice to furnish plates longer than required for 
the last section to be welded in the field. These 
plates are normally cut to fit in the field before the 
final weld is made. This procedure, however, was 
not followed for this project. 

To compensate for weld shrinkage, each casing 
section of plate was made *, ;. in. longer than theoreti- 
cally required in the 1ongitudinal direction. During 
shop erection, the space between sections of plates 
at the girth joint was made *,» in. less than the 
welding procedure called for. On this basis, it 
should be noted that the gap between plates is very 
small as shown in Fig. 3. 


Fig. 2—Start of shop assembly 


Fig. 3—Completed shop assembly 


Table 1—Theoretical Joint Gap Between Plates 
Joint gap, in.——. 


Not less Not more 
Material tnickness, in. than than 
or less 1/5 3/i6 
Over up to and including 5/52 7/32 
Over 13/16 


After the casing was completely assembled at the 
shop, the spring line was scribed on the inside of the 
casing and all pieces were clearly match marked. 

The field-erection superintendent visited the shop 
several times during the assembly of the casing and 
concurred in the final fit-up together with repre- 
sentatives of the fabricator and the owner. 

The nose section of the casing was the only piece 
that could be shop welded and shipped to the job in 
one piece, due to shipping limitations. The balance 
of the casing was disassembled and shipped to the 
job site adequately braced in railroad cars. 


Field Assembly and Welding 


The casings were erected at the job site by using 
the 30-ton auxiliary hook of the 325-ton station 
gantry crane (Fig. 4). 

The assembly and welding of the casing in the 
field were scheduled to start at the inlet end, although 
the assembly could be started at other points. For 
example, the assembly could be started simul- 
taneously from the large and small ends of the casing. 
Several sections were assembled before welding was 
started, but the assembly was never more than one 
or two sections ahead of the welders (Fig. 5). 

After the longitudinal joints in two adjacent sec- 
tions were welded, the connecting girth joint was 
welded. No girth joints were allowed to be welded 
ahead of the longitudinal welds. 

The plates were assembled so that the proper 
spacing of the girth joint to be welded was obtained. 
During the welding of one girth joint, the next girth 
joint would be pulled to its proper clearance (Fig. 6). 

All other girth joints were welded complete before 
welding was started on the final girth joint near the 
nose piece. 


Bike. eee 
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Fig. 6—Field welding of girth joints 


Owing to the size of this casing, and to the use of 
T-1 steel, all longitudinal and girth joints, with the 
exception of the joints between the stay ring and the 
casing, were welded as erection of the casing pro- 
ceeded. Thus the complete casing could not be 
assembled before start of welding; rather, the 
assembly was coordinated with the welding pro- 
cedure. 

In welding the spiral case to the stay ring, the 
bottom joint was welded first. After this was com- 
pleted, welding was permitted on the top joint. 
From four to six welders were used, placed equi- 
distant around the stay ring and welding in the same 


a 

a 
2 


Fig. 7—Completed casing 


direction simultaneously (Fig. 7). 

It was not necessary to field trim any plates in the 
erection of these four scroll cases. It had been con- 
sidered that some make-up plates should have been 
left for field trimming to take care of weld shrinkage. 
But since additional material had been provided for 
on each plate to take care of the shrinkage allowance, 
no trimming was necessary on any of the plates. 


Weld-joint Detail 

The joint detail was a single bevel with 45-deg 
included angle and with '/;-in. shoulder for material 
thicknesses up to and including °/js-in. plate. This 
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. J Fig. 4—Gantry crane used for erection at job site Fig. 5—Sequence of field erection - 


bevel was made so that down hand welding could be 
performed on the inside lower half and the outside 
upper half of the casing. 

For plates over °/;, in. and including '*/;, in., the 
detail was a double bevel with 60-deg included angle 
and '/;-in. shoulder. For plates over **/;, in., the 
shoulder was increased in thickness. 


Size and Type of Welding Electrode 


The welding electrode used conforms to AMERICAN 
WELDING Socrety’s Specification E11018 and has 
physical properties similar to T-1 steel. For vertical 
and overhead welding, '/;-in. diam electrodes were 
used; for horizontal and sloping welding, °/;. and 
*/,¢-in. diam electrodes were employed. 


Preheat 


Before any welding was started, particularly in 
the morning, the joint to be welded was preheated 
to between 200 and 300° F and the preheat kept on 
all day or until the welder finished the joint. At the 
end of the day, the preheat was turned off, but the 
weld was again brought up to temperature the next 
morning before welding was started. Propane gas 
was used for the preheat, with long pipe burners to 
assure continuous and even preheat throughout the 
joint being welded. 


Baking of Welding Electrodes 


The covering on low-hydrogen electrodes absorbs 
moisture very rapidly from the air; this causes ex- 
cessive porosity in the weld metal. 

The requirement in the procedures called for the 
electrodes to be baked at the job site for a minimum 
of one hour at 800° F. The erectors made their 
own baking oven for this job by building a small 
insulated furnace and using electrical strip heaters. 
Electrical controls were used so that once the oven 
was turned on it would take the temperature up to 
800° F, hold it for one hour, and then automatically 
shut off the current. After the oven had cooled 
down to approximately 350° F, the electrodes were 
removed and stored in another oven at 350° F until 
finally taken out to the job for use. Only the num- 
ber of electrodes that could be used in two hours was 
removed from the storage heaters. 


Carbon-arc Gouging 

The compressed-air carbon-arc gouger was used 
for back gouging all of the joints. This contributed 
considerably to the high X-ray quality. When using 
this tool for back gouging, defects cannot be covered 
over but are always opened up and made visible to 
the eye as the gouging progresses. Gouged metal 
was wire brushed and subjected to magnetic-flux 
inspection. 


X-ray Examination 

All butt-welded joints of the casing were examined 
by X-ray. 

Acceptable or unacceptable welds were determined 
by the applicable parts of Paragraph UW 51 of 
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Appendix A of ASME Boiler Construction Code 
Section VIII Unfired Pressure Vessels—1952 modi- 
fied as follows: slag inclusions exceeding '/; of the 
thickness of the plate were not acceptable. Porosity 
was acceptable only when well dispersed fine or 
medium porosities as indicated in Appendix A of 
Section VIII of the Code. Only 50% of the large 
porosities as indicatéd in the same Appendix A of 
the Code was acceptable. 

Welders qualified on the welding of T-1 steel were 
used, and canvas shelters were provided during in- 
clement weather to protect the work and the welder. 
Competent, experienced welding inspectors were 
present at all times welding was being performed. 

In spite of the weather conditions at Noxon Rapids, 
the four cases were completed with a very good X-ray 
record. Out of 6240 ft welded only 22 ft of defective 
welding as shown by X-ray had to be repaired. This 
is a percentage of 0.35, which is very good in view of 
the hard-to-handle material being welded. In fact, 
it is better than some of the mild-steel jobs. 


Tapered Transition 


A tapered transition ring of T-1 steel, approxi- 
mately 12 in. long, was provided to effect a transi- 
tion between the T-1 steel spiral casing and the low- 
carbon steel penstock. The casing, with the transi- 
tion ring welded to it, was furnished approximately 
1 in. longer than the theoretical required distance. 


Test Head 


The low-carbon-steel dished test head 24 ft in 
diam was assembled and welded together at the job 
site (Fig. 8). It was then welded to the casing inlet 
and, after the hydrostatic test was completed, it was 
removed by cutting off a '/.-in. section of the T-1 
steel transition ring. This same test head was used 
on all four units and stored for future use on Unit 
No. 5 (Fig. 9). 


Testing 


After the spiral case was completed, erected and 
welded, it was filled with water and subjected to a 
field pressure test before being embedded in concrete. 
The test pressure was 50% in excess of the design 
pressure of 85 psi which gave a test pressure of 127'/, 
psi. The necessary test head, supporting rings and 
head cover were provided to seal the inlet and dis- 
charge openings of the spiral casing during this test. 
The test head and bulkhead ring were so designed 
that one set of this equipment was usable on al] units 
in succession and then stored for future use on Unit 
No. 5. 

During the testing operations, arrangements were 
made to take deflection measurements of the top of 
the casing. However, no perceptive readings were 
obtained. The concrete saddles supported the casing 
on the outside up to the spring line and, therefore, 
it is assumed that these saddles and the stiffness of 
the T-1 steel kept the casing in roundness during 
filling. 
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Fig. 8—Field assembly of test head 


Connection Between Casing and Penstock 

After the casing test head was removed, a 7-ft 
long low-carbon steel make-up piece was used to 
connect the casing to the penstock. The casing and 
lower end of the penstock were again filled with 
water while the casing and the balance of the pen- 
stock were encased in concrete. 


Field Welding at Stay-ring Transition Joint 

The field welds connecting the separate pieces of 
the transition ring caused some difficulty in the 
field. These welds are basically part of the stay-ring 
mechanical joint and are not subjected to the hoop 
stresses of the casing (Figs. 10 and 11). 

The stay ring was fabricated with a 2-in. wide 
tapered band of T-1 steel attached in the shop. 
This stay ring was shipped to the job in four pieces, 
which required eight, 2-in. long welds per casing 
four welds for the upper section and four welds for 
the lower section). These welds between sections 
of the T-1 steel transition ring caused the difficulty. 
These 2-in. long welds broke several times during the 
process of welding. The welds would look good 
when completed but the next morning it was found 
that they had cracked overnight. The break 
seemed to start in the middle of the thickness of the 
weld. When the compressed-air carbon-arc gouging 
torch was used, the crack would appear on the surface 
of the weld and extend for a length of 2 in. to the 
center of the field weld between the case and the 


Fig. 9—Test head attached to casing inlet 
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Fig. 11—Plan and detail of welds between sections of T-1 steel transition ring (as shown on drawings) 
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Fig. 12—Extension of mechanical joint between sections of T-1 steel transition ring 


stay ring. None of these cracks in the weld material 
propagated into the T-1 steel casing plate material. 

It was decided to extend the mechanical joint 
through the 2-in. T-1 steel transition ring and 
provide a crack stopper hole in the circumferential! 
weld between the casing and the T-1 steel transition 
piece at the prolongation of the mechanical joint 

Fig. 12). 

This was accomplished by inserting a temporary 

;-in. diam pipe prior to welding the circumferential 
weld around the stay ring. A mechanical joint 
in the T-1 steel transition piece was created by weld- 
ing both sides of the groove, leaving a slot in the 
center with a seal weld top and bottom. 

After completing field welding, a hole was drilled 
and tapped for a 1-in. bolt which eliminated the 
temporary */;-in. pipe. A 1-in. bolt was inserted us- 
ing a special sealer and dressed smooth on both sides. 

The mechanical joint in the T-1 steel transition 
piece created by welding was also filled with same 
sealer. No further difficulty was encountered after 
this procedure was used and the unit successfully 
passed the hydrostatic test. 


Costs 
It is difficult to establish a true comparison be- 
tween costs of T-1 steel spiral casing and an equiva- 
lent low-carbon steel casing. 
The theoretical reduction of 56% in the weight 


of steel based on using, in design, 27,500 psi for 
T-1 steel against 12,000 psi for low-carbon steel, 
was not realized. This was reduced to a 35% savings 
in the weight of steel, based on the use of a minimum 
thickness of '/, in. for the T-1 steel plates. 

We estimated a 20% increase based on the same 
thickness of plate in the labor costs on field welding 
of this comparatively new T-1 steel. However, 
the labor costs on handling of steel during field 
erection and the reduced time of welding thinner 
T-1 steel plates showed a nominal over-all savings in 
favor of T-1 steel. 

Even if the costs were equal it would be preferable 
to use T-1 steel because of its excellent properties. 


Summary 


For this project, the use of T-1 steel in spiral 
casings has proved to be entirely satisfactory and 
it is anticipated that further savings can be made 
on future jobs. The main advantages are less 
thickness of material to be welded in the field; 
savings in freight; savings in shop work and handling; 
savings in erection time; and its excellent properties 
of notch toughness and good welding properties. 


Acknowledgment 


The author wishes to acknowledge the valuable 
assistance of Allis-Chalmers Manufacturing Co. 
and Chicago Bridge & Iron Works. 


WELDING JOURNAL | 313 


4 
COVER 
¢ — 
JOINT 
WELD 
LEAVING COVER 
SLOT WELD 
$3174) 
4 
\) 
PLAN Y-Y 


Development of Forming and Joining Techniques for 
Corrugated-Sandwich Structure 


includes rolling, manual and automatic fusion welding, resistance spot 
welding and tungsten-arc spot welding 


BY H. SMALLEN AND R. P. ROMAINE 


SUMMARY. This paper describes the development of 
forming and joining techniques for fabrication of an 
engine-exhaust duct from a corrugated-sandwich struc- 
ture. Techniques developed include rolling, manual and 
automatic fusion welding, resistance spot welding, and 
tungsten-arec spot welding. Figure 1 shows application 
of all processes investigated in the program under dis- 
cussion. Evaluation of welding methods is based on 
results of tensile-shear tests and metallographic ex- 
aminations. Applicability of the techniques developed 
to other types of corrugated sandwich-structure assem- 
blies is considered. 


Introduction 
The corrugated-sandwich structure shown in Figures 
2 and 3 came to the attention of the authors at a 
time when a search was being conducted for a light- 
weight, high-strength, high-temperature resistant 
material for use in a Northrop program. 

This is a stainless-steel sandwich structure con- 
sisting of a preformed corrugated core joined to light- 
weight facings. It is similar, in structural configura- 
tion, to common corrugated paper-box material. 
The sandwich material used in this program was 
Type 301 stainless steel, 0.168 in. thick, 30 in. wide 
and of a length whose dimension is limited only 
by the free run at the end of the production 
machine. Lengths up to 86 ft have been produced. 
The sandwich is fabricated from formed 0.002-in. 
corrugated core in the */,-hard condition and facing 
skins 0.006 in., in the full-hard condition. Core and - 
facings are joined by spot welds placed every '/s. 
in. in rows matching the pitch of the “‘V’’-shaped 
core. The flat crests of the core accommodates the 
application of the spot welds and allows for positive 
mating of skins and corrugation. According to the 
producer, this structure is equivalent in weight to a 
solid sheet of Type 301 stainless steel with a thickness 
of 0.017 in., is 235 times stiffer and capable of carry- 
ing a bending load 23 times greater than such a sheet 
of material. Physical properties of the sandwich 
structure may be obtained from the manufacturer, 
and references from this paper, as may the latest 


Fig. 1—Cylinder assembly, with flanges attached by 
resistance and tungsten-arc spot welding 
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H. SMALLEN and R. P. ROMAINE are associated with the Materials 
Research Laboratory, Norair, Division of Northrop Corp., Hawthorne, 
Calif. 

: Paper to be presented at AWS 41st Annual Meeting in Los Angeles, 
Fig. 2—Section of corrugated-sandwich structure Calif., April 25-29, 1960. 
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data in regard to developments in their fabrication 
processes of welding, forming of core and adaptation 
of the existing manufacturing methods to materials 
other than 301 stainless steel. 

The purpose of this paper is to report the findings 
of the authors in the development of forming and 
joining methods which were applicable to the fabri- 
cation of an exhaust duct for use with jet-engine sys- 
tems. The corrugated-sandwich structure held 
promise of being a material to counteract the problem 
of high pressure and high temperature in the tail 
section of an engine-exhaust system. A decision was 
made to investigate its adaptability and a program 
was initiated to: 


(a) Perform a literature survey and vendor liaison 
to determine known physical properties, 
formability, weldability and other developed 
manufacturing procedures. 

) Obtain sample materials and perform labora- 
tory evaluations of forming, welding and other 
joining methods. 


Preliminary Investigation 

In following this plan of action, the manufacturer’s 
available literature was studied and visits to the 
plant were made. Being a new product, it was de- 
termined that a laboratory development program for 
forming and joining methods was desirable. The 
manufacturer had performed some welding-and- 
forming investigations and furnished whatever in- 
formation there was available as well as sample mate- 
rial for use in the development study. 

The two main questions were the feasibility of roll- 
ing the sandwich in the hardened condition and the 
susceptibility of Type 301 stainless steel to inter- 
granular corrosion when subjected to the heat of 
fusion welding and service temperatures. It was 
determined that strength requirements were suffi- 
ciently low to permit annealing the sandwich before 
forming. Owing to limited time, the problem of 
intergranular corrosion could not be evaluated. It 
could be later eliminated, however, by use of stabi- 
lized stainless steel or by reannealing the Type 301 
material after all welding operations. Increased 
strength could be obtained by substitution of pre- 
cipitation-hardenable stainless-steel alloy. 


Development-program Procedures 
and Results 


Annealing 

All as-received material was coated with Type 
I-B ceramic heat-treat protective coating and an- 
nealed at 1750-1900° F to prepare it for forming 
operations. 


Forming 

The sandwich panels were filled with 60-mesh sand 
prior to forming to fill all voids and afford a solid 
though flexible backing. Filling was accomplished 
by sealing three edges with cloth-backed masking 
tape and pouring the sand in the open end while 


Fig. 3—Corrugated-sandwich structure 
as received (30 x 48 in.) 


Fig. 4—Rolling technique using aluminum protective 
sheets over 0.156-in. corrugated-sandwich structure 


subjecting the panel to vibration to insure complete 
filling. The open end was sealed after the panel was 
well packed and filled. 

The first attempt at rolling was accomplished using 
a filled panel, 10 x 48 in., which was provided with 
protective cover sheets of 0.090-in., 5052-0 aluminum 
cut to the size of the panel. The sandwich, with the 
protective sheets on either side, was placed in a 3-in. 
power roll for forming, as shown in Fig. 4. The 
sheets were left free to travel as the roll pressure 
was increased to prevent restricting the corrugated 
sandwich. Through experimentation, it was de- 
termined that gradual increase of the back-roll 
pressure formed a more consistent radius since it 
allowed the material time to adjust to changes in its 
granular structure due to pressure. The rolling 
operation was performed without taking the part out 
of the rolls and reversing the rolls when the material 
reached a few inches from the end. The piece was 
subjected to pressure from the back roll, fed through 
the roll, reversed to the starting point and again the 
pressure was increased on the back roll. This was 
continued until the material was formed to the de- 
sired radius of 8in. The ends were left flat for trim. 
Immediately adjacent to the ends, buckling effects 
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Fig. 5—Corrugated-sandwich structure rolling technique 
without protective sheets (initial settings) 


Fig. 6—Rolled half sections (8.5 in. radius) 


Fig. 7—Formed and fusion-welded 
cylinder (8.7- x 17.0-in. diam) 


316 APRIL 1960 


were observed. The inner surface of the corrugated- 
sandwich panel had the appearance of peened artistic 
brass. This was caused by the soft aluminum sheet 
pressing into the material while both were under 
compression. The outer surface, in tension, main- 
tained a smooth appearance. The longitudinal 
edges were partially crushed, also the result of the 
protective skins allowing deformation into the cor- 
rugated-sandwich structure. After evaluation of 
the first attempt at rolling, it was decided to roll 
subsequent samples without protective skins and to 
feed the sandwich completely through the rolls, re- 
verse the ends, apply increased back roll pressure, 
and rerun the material through the rolls. This ap- 
proach was taken, applying very slight back-roll 
pressure increases. Two 8-in. radius sections thus 
formed were found to have smooth inner and outer 
skin surfaces with less edge and end deformation. 
These two sections were subsequently joined by 


fusion welding, as will be described later, to make a 
sample cylinder. 

The satisfactory results in the development of the 
initial cylinder led to the decision to proceed with 
fabrication of two cylinders for use on a prototype- 
engine test stand. Four panels 15 x 40 in. were 
rolled, without aluminum protective sheets, to the 
desired 8.5-in. radius. The back-roll pressure was 
increased very gradually and the parts were fed com- 
pletely through the roll, removed, reversed and rerun 
through the roll prior to pressure increases. The 
initial rol] setting is shown in Fig. 5. 

Pressure increases were in increments of one-half 
turn of back roll adjusting screw for 8 rolls, one- 
quarter turn for 2 rolls, and one-eighth turn for 2 rolls, 
making a total of 12 adjustments with the material 
passing through the rolls a total of 24 times. The 
gradual pressure increase allowed for stress flow and 
eliminated deformation of the inner skin. The two 
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sets of rolled forms were trimmed to size for welding 
into 17-in. diam. cylinders (see Fig. 6). A gap of 
0.040 in. was allowed at the butting ends for place- 
ment of the filler strip used in fusion welding. 


Fusion Welding of Half Sections 

Longitudinal manual fusion welding was used to 
join the 8-in. radius half sections first produced. 
The method developed was to place a stainless-steel 
strip, 0.040 in. thick, between the edges to be joined, 
leaving sufficient height to allow the strip to form a 
bead. One top and one bottom torch pass produced 
the desired weld. A similar technique was used in 
joining the 8.5-in. radius prototypes (Fig. 7), except 
that automatic welding was employed, resulting in a 
more evenly laid weld bead. 
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Fig. 8—Rolling of groove for attachment of flange 


Trimming Cylinders to Width 

It was necessary to eliminate the delay of setting 
up for parting in automatic equipment or use of 
manually controlled abrasive equipment. By using 
a surface table and machined angle blocks, the cylin- 
ders were set up so that the cylinder walls and ends 
could be laid out square and parallel. The cylinder 
was cut to the trim line on a small band saw in the 
laboratory. After rough cutting, it was necessary to 
draw-file to the saw line, followed by manually ro- 
tating the cylinder on a flat surface of emery paper 
glued to the surface table in sections. This quickly 
brought the thin facing sheets to a machine-like 
finish and to the desired dimension. 


Beading 
To facilitate joining of assemblies using either 
mechanical fasteners or resistance spot welding, it 


was apparent that beading or crushing of the cor- 
rugated sandwich was necessary. 

The first approach to beading by core crushing was 
made in the Norair manufacturing shops, using 
various types of automatic hammers to form a bead 
by peening. This resulted in variation in the bead 
dimensions, marking of the material in a step fashion, 
and irregularity of crushing. The material was 
crushed from both sides, leaving indentation on both 
sides of the samples. This was not satisfactory as 
only the attachment side need be crushed. 

The second, and successful, approach was to pre- 
form a hoop from '/,- x 1-in. steel strap to a diameter 
slightly smaller than the cylinder to be crushed, if 
internally, or slightly larger if externally. For in- 
ternal beading of the cylinder, the hoop was placed 
in position in the cylinder and the two were set up in 
the 3-in. metal roll as shown in Fig. 8. A radius 
on the contact edge of the hoop prevented cutting of 
the corrugated sandwich. The upper front roll was 
used to crush the hoop down into the cylinder, with 
gradual tension adjustment; the lower front roll was 
used as a mandrel to maintain a smooth, undisturbed 
surface. Once the indentation was started and the 
bead pattern was established, the hoop was allowed 
to free-wheel into the material until the bead was 
complete. The resultant bead was found to be of 
good quality and visually acceptable. The bead 
pattern was held accurately and full crushing of the 
core was accomplished. 

The cylinder edges showed some buckling where 
beads were within 1 in. of the edge, which indicated 
that parts should not be trimmed until after beading 
so as to allow for support by surplus edge material. 
Beads farther from the edge did not cause buckling; 
however, air forced down the internal channels of the 
corrugated sandwich by roll pressure caused wrin- 
kling at the fusion-weld joints. Air escape was pro- 
vided by drilling small (No. 60) holes at the end of 
each bead. Repeated passes were required to crush 
the fusion weld area, indicating that joining should 
be performed after beading. This would also elimi- 
nate the need for drilling air escape holes. 


Resistance Spot Welding of Flanges 

Resistance spot welding, at the time, seemed to be 
the simplest and quickest technique for joining 
flanges to the cylinder. The necessary equipment 
was available in both the Materials Research Labora- 
tory and the production spot-weld shop. Although 
this joining method proved successful, design per- 
sonnel were opposed to it because the need for a 
crushed groove caused a reduction of rigidity. 

The initial attempt was to spot weld 0.020-in. 
stainless-steel strips to the corrugated sandwich with- 
out prior crushing. It was believed that the weld- 
ing-machine force would crush the sandwich enough 
to produce satisfactory welds. The pressure was in- 
sufficient to crush the core completely, however, and 
“spitting” and “burnt” welds resulted. 

Mechanical crushing of the sandwich was then re- 
sorted to. With proper tooling, different types of 
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Fig. 10—Cross section of resistance spot weld 


crushed areas could be made, such as individual areas 
for individual spois or crushed grooves for spot or 
seam welds. With the mechanically crushed core, a 
production resistance-welding machine using the 
following variables produced satisfactory welds: 


Electrode material (upper and lower) Class 3 
Electrode radius, in. 2 
Tap setting 
Power Pac A 
Power Pac B 
Weld time, msec 15 
Figure 9 (top) is a cross section of resistance spot 


weld joining of 0.020-in. stainless steel to the crushed 
sandwich, and Fig. 10 is an enlarged cross section of 
the resistance spot welds. Some voids were found 
in the welds examined, but this condition could be 
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Fig. 9—Cross section of resistance spot weld (top) and tungsten-arc-spot weld (bottom) 


corrected by further work. ‘Twenty shear tests were 
conducted, with the average value being 419 lb, as 
compared to the average requirement of 345 lb for 
resistance spot welding of 0.020-in. sheet to itself or 
thicker material. It should be noted that the values 
obtained were higher than those for two sheets of 
unequal but comparable thicknesses, in spite of the 
fact that the crushed core is less dense and contains 
voids. Seventeen of the twenty shear tests showed a 
pulled nugget, indicating a satisfactory weld. 


Tungsten-arc Spot Welding of Flanges 

Spot welding may be accomplished with an inert- 
gas-shielded tungsten-arc gun and standard power 
supply. With this process welding is accomplished 
from one side only, using small pressures to hold the 
parts together. An arc is struck between the tung- 
sten electrode and the work, resulting in melting and 
fusion of the mating parts. The advantage of this 
joining method is that no crushing of the core is 
necessary. The spot produced results in a slight 
crater, which can be used as an inspection measure for 
determining satisfactory joints. 

Initial attempts to tungsten-arc spot weld 0.020- 
in. stainless-steel strips to the corrugated sandwich 
with existing equipment were unsuccessful. The 
tungsten-arc welding equipment available in the 
Materials Research Laboratory was designed for 
welding 0.040-in. and thicker combinations, and arc 
control proved too erratic for welding the 0.020-in. 
strips to the 0.006-in. sandwich facing. 

A pilot-are spot-welding machine was made avail- 
able at a local plant for trial. This equipment fea- 
tures pilot-arc starting, in which a small arc is main- 
tained between the electrode and the gas cup on the 
torch. The pilot arc eliminates the need for high- 
frequency or “‘retract”’ starting to establish the main 
arc. Welding of materials 0.020 in. and thinner is 
possible. This equipment produced very satis- 
factory, reproducible tungsten-arc spot welds once 
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Fig. 11—Tungsten-arc spot welds (0.020-in. stainless-steel sheet to corrugated-sandwich structure) 


the necessary machine settings had been established 
as shown below: 


Cycles 21'/, 
Arc control (dial 4.6 
Current 1 to 2 
Amps (dial 50 


Figure 9 (bottom) is a cross section of tungsten-arc 
spot-weld joining. Note that no crushing of the 
sandwich has occurred. Figure 11 shows an exterior 
view of the 0.020-in. sheet welded to the sandwich. 
The peel test of the top sheet shows that satisfactory 
welds were produced, as indicated by pulled nuggets. 
Figure 12 is an enlarged cross section of a tungsten- 
arc spot weld. ‘‘Melt-through”’ of the facing sheet 
did not occur, which indicates that the variables of 
tungsten-arc spot welding can be closely controlled. 
The results of shear tests conducted on 14 tungsten- 
arc spot welds with the average value of 191 pounds 
compares very favorably with the minimum average 
requirements of less than 110 lb for resistance spot 
welding of 0.006-in. material. It should be noted 
that the minimum average resistance spot-weld diam- 
eter with 0.006-in. sheet is 0.07 in., while the diam- 
eters of the tungsten-arc spot welds in these tests 
ranged from 0.135 to 0.155 in. 


Fusion welding of Flanges 

Early in the program, attaching the flanges to the 
sandwich by automatic fusion welding was con- 
sidered. Equipment was not available at the authors’ 
plant, however, and a vendor’s cost estimate seemed 


Fig. 12—Cross section of tungsten-arc spot weld 


excessive for a feasibility study without guarantee 
of success. After several trials, personnel in the 
production weld shop were successful in welding a 
0.020-in. thick flange to the sandwich by manual 
methods. Figure 13 is a cross section of this weld; 
Figs. 14 and 15 are enlarged views of the right and 
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left sides of the respective flanges. Note the very 
satisfactory filleting with little or no melting of the 
core material, which indicates the feasibility of 
fusion welding similar components to the sandwich. 


Peel Testing of Sandwich 

Peel tests were made on the corrugated sandwich 
to indicate the force required to separate the facing 
material from the core. Samples were cut to 3-in. 
wide strips and pulled in T-type peel. Figure 16 
shows the type of failure that occurred. The peel 
strength averaged between 70 and 96 lb. 


Conclusions 

Fabrication of a prototype cylinder for use in the 
prototype-engine exhaust-duct system was success- 
fully completed. Planned service evaluations with 
engine ground runs were suspended because of 
production schedules. The completed portion of 
the program provides limited information for rolling, 
beading and joining methods which are applicable 
to use of corrugated-sandwich structure. Additional 
work, including study of potential areas of applica- 
tion, is required to provide complete design infor- 
mation. 


Properties of Corrugated Sandwich 

Although Type 301 stainless steel was used in 
this program, it is possible to use other materials, 
especially where higher strengths are required. 
As an example, PH 15-7 Mo precipitation-harden- 
able alloy could be formed in the solution-anneal 
condition and subsequently be given the RH 950 or 


Fig. 13—Flange manually welded to 
corrugated-sandwich structure 


Fig. 14—Enlarged view of right-hand side of Fig. 13 


TH 1050 heat treatment. Other characteristics 
requiring investigation are effects of acoustic noise, 
temperature extremes, loads and altitude variations. 
Nondestructive test methods are also needed. 
The producer accomplishes quality control by care- 
ful inspection of all material along with certain other 
tests, of which internal pressure has proved most 
satisfactory for determining quality of the spot- 
weld bonds. Unbonded, as well as low-strength, 
weld areas have been detected by this test. 


Forming Methods 

Although the rolling method used in this program 
was satisfactory, it is believed that use of a suitable 
stretch press could reduce fabrication time. Fab- 
rication of contours and shapes by stretch-forming 
methods should be investigated. 


Joining and Fastening Methods 

Corrugated-sandwich structure can be joined and 
fastened by most of the standard methods available. 
The techniques used in this program were based on 
the use of existing equipment and the specific ap- 
plication under development. 

Joining sandwich to itself can be accomplished by 
manual or, preferably, automatic fusion welding. 
It should also be possible to crush the edges and re- 
sistance spot weld, seam weld or tungsten-arc spot 
weld to form longitudinal joints. 

Mechanical fastening should not be overlooked as 
a means of attaching components to the sandwich. 
Limited work performed indicates that this method 
is practical and, in certain cases, would be preferred. 
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In the development of the exhaust-duct cylinder, 
a weight penalty and other disadvantages required 
that resistance spot welding or tungsten-arc spot 


welding techniques be developed for attachment of 


frames. 

The limited testing accomplished provides some 
values for resistance and tungsten-arc spot welds. 
The difference in strength is attributed to the dif- 
ference in the actual thicknesses of the materials 
welded. In tungsten-arc spot welding, a 0.020-in. 
sheet was welded to the 0.006-in. facing sheet of the 
sandwich and, invariably, to the 0.002-in. core. 

In resistance spot welding, the 0.020-in. sheet was 
welded to the crushed core, consisting of two 0.006-in. 
plus several overlaps of the 0.002-in. corrugated core. 
Resistance and tungsten-arc spot welding was done 
manually in this program. Fully automatic tung- 
sten-arc spot-welding equipment which locates and 
welds on a production basis is known to have been 
developed. 


Summary of Results 

Forming and fabrication of the aft-fuselage duct 
was achieved by methods considered adaptable to 
normal manufacturing equipment and _ processes. 
Half-cylinder sections were formed in a power roll 
and successfully joined by both manual and auto- 
matic fusion-welding techniques. 

It was determined that both resistance spot weld- 
ing and tungsten-arc spot welding could be used to 
attach frames to a corrugated sandwich. Resistance 
spot welding required crushing of the sandwich and 


Fig. 15—Enlarged view of left-hand side of Fig. 13 


high pressure to prevent “spitting’’ and burning at 
locations of high resistance. Tungsten-arc spot 
welding permits welding from one side only and does 
not require crushing. Average shear values were 
191 lb for tungsten-arc spot welds and 419 |b for 
resistance spot welds. 
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A valuable clue as to the cause of failure of an aluminum weldment 


How to Interpret Fractures 


in Aluminum Weld Metal 


BY WILLIAM L. BURCH 


Fig. 1—This missile propellant tank failed unexpectedly 


SUMMARY. An understanding of fracture patterns often 
will give a valuable clue as to the cause of failure of a 
welded joint. Defects in weld metal such as hot cracks 
and crater cracks will exhibit a fracture pattern quite 
unlike that of sound weld metal. The purpose of this 
paper is to help the observer recognize this unusual pat- 
tern and to understand its significance. 

It is shown that, when sound metal fails at ordinary 
temperatures in static tests or in fatigue, the fracture 
will be through the grains in what is called a trans- 
granular fracture. As an_ illustrative example, this 
could be compared with the breaking of a brick wall in 
which the individual bricks fractured. 

Above some elevated temperature, however, the grain 
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boundaries of a metal become weaker than the grains 
and it fails by separation along these boundaries. This 
is an intergranular or grain-boundary fracture and could 
be likened to the brick wall failing by a softening of the 


mortar while the bricks remain intact. This intergranu- 
lar failure will be evidence of weld hot cracking, shrinkage 
cracks, crater cracks or unusually high-temperature serv- 
ice. Also, corrosion usually is intergranular. 

It will be shown that the transgranular fracture has a 
patternless, rough surface somewhat like wrinkled sand- 
paper, while the grain-boundary fracture has a block- 
like surface resulting from the exposure of many more-or- 
less flat grain faces. 

A ruptured propellant tank is used to illustrate these 
fracture types. On this tank, the fracture study led to 
the conclusion that a very tight welding hot crack was 
following the torch for the first several inches of the seam. 
Corrective measures are discussed. 
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Fig. 2—Stages in freezing of a molten metal: 
(1) scattered nuclei, (2) orderly growth of 
grains, (3) completion of solidification 
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Fig. 3—Grain pattern in a weld. During 
welding, grains grow from the cooler sides and 
back of pool toward the hotter center 


Introduction 

The study of failed parts is an important duty of 
many metals laboratories. Upon the interpretation 
of a fracture may depend engineering redesigns, 
production-technique changes and, very likely, 
the outcome of a discussion between two parties 
having conflicting interests. 

In examining fractured weld metal, the observer 
soon learns to recognize the comparatively evident 
defects such as porosity and oxide entrapment. 
A big step forward in his education comes when he 
learns to distinguish between intergranular and 
transgranular fractures and to draw conclusions 
from this observation. 

The purpose of this paper is to illustrate these 
fractures and to explain their significance. It will 
be shown that the intergranular fracture usually 
represents a welding defect (a “hot crack’’) while 
the transgranular represents the overloading of 
sound metal. Both types were found during the 
exainination of the ruptured propellant tank in 
Fig. 1. This failure will be used later to provide 
illustrations of the fractures as well as to demonstrate 
the conclusions that can be drawn therefrom. To 
provide a background, the formation of grains is 
reviewed and the two kinds of fracture are discussed. 


Grains 


A metal is composed of a large number of crystals, 
usually called grains. The freezing of a liquid metal, 


\ 


Fig. 4—Grains near the region 
labeled ‘‘one grain”’ in Fig. 3. 
The small line drawing points 
out 17 grains. X75 


whether it be a weld or a casting, consists of the 
growth of many grains from many starting points 
called nuclei. Three stages in the progress in solidi- 
fication of a liquid metal are shown in Fig. 2. The 
many starting points consist of small groups of solid 
metal atoms which appear in various parts of the wal 
melt. Upon each of these a grain grows in an 
orderly manner until its progress is obstructed by 
meeting another grain and simultaneously consuming 
the liquid metal. Each grain is a polyhedron of 
about a dozen sides which are somewhat fiat. 
In a weld, the grains grow toward the center of 
the weld pool from the cooler sides and back of the 
pool. This growth pattern and the resulting elon- 
gated or “columnar’’ grain shape are sketched in 
Fig. 3. With freezing there is shrinkage; so, the 
grains must be fed with a continuous supply of 
molten metal from the weld pool lest they crack 
apart. The crater crack at the end of a weld results 
from the lack of this supply. 
On an actual cross section, the grains do not 
appear as nearly columnar as might be expected. 
Figure 4 is a photomicrograph at xX 75 of several 
grains near the region labeled “one grain” above. 
Accompanying this is a sketch which points out the 
individual grains. In this, a manual tungsten-arc 
weld, there is a distinct boundary line between grains, 
but in machine welds this line may be missing 
probably because the more-rapid cooling discourages 
accumulation of constituents in the boundaries. 
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INTERGRANULAR TRANSGRANULAR 
FRACTURE FRACTURE 


Fig. 5—Two types of tension fractures 
as they might be seen in a cross section 


Even so, it is still possible to distinguish between 
the grains by recognizing that the constituents in 
each grain are oriented or lined up in a direction 
which usually is unlike that of adjacent grains. 
As a result, each grain has a dotted or striped pattern 
which is unlike that of adjoining grains. In this 
and other photomicrographs presented here, the 
light background is identified as nearly pure alumi- 


num, while the dark figures are complex compounds 
of Al, Mg, Si, andFe.‘" 


Two Paths for Fracture 


The fracture that follows a path along the grain 
boundaries is described as “intergranular,” meaning 
“between the grains.”” Shown in Fig. 5, it could be 
called simply a grain boundary failure. The frac- 
ture that follows a path which is predominantly 
across (through) the grains is called ‘“‘transgranular,” 
meaning “across the grain,” Fig. 5. Some authors 
use the terms intercrystalline and transcrystalline, 
respectively. 

The fracture will be transgranular when sound 
metal fails at ordinary temperatures in a static 
tensile test or by fatigue. Under such conditions, 
the grain boundaries are stronger than the grains. 
Transgranular fracture thus represents a normal 
overloading of the metal resulting in failure. 

Above a certain temperature, however, the grain 
boundaries are weaker than the grains, so that the 


Fig. 6—Transgranular fracture, X 10. This is a normal fracture with a texture resembling sandpaper. 
This one has a herringbone pattern, one Vee of which is outlined, pointing to a failure origin leftward 


Fig. 7—Intergranular fracture, X 10, caused by a welding hot crack. Failure in the 
grain boundaries exposed the faces of grains to give the blocklike pattern 
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failure occurs in the boundaries, that is, inter- 
granularly. This temperature at which grain and 
boundary strength is relatively equal is called the 
“equicohesive temperature.”’ It corresponds closely 
with the recrystallization temperature and varies 
considerably with the alloy, its conditions and even 
with the rate of loading. Roughly speaking, it 
would probably be above 600° F for aluminum alloys. 
The equicohesive temperature of a 4043 weld 
joint in 6061 base metal was determined in tests 
made by the author to be 1025° F. Above this 
temperature, the fracture became intergranular, 
with a sharp decrease in strength and ductility. 
(The tests were made on butt joints in '/;-in. 
6061-T6 alloy which were machine-tungsten-arc 
welded and aged. The filler metal, 4043 alloy, 
constituted 25% of the weld. The welds were 
transverse to the tensile bar and were ground flush.) 
The concern in this paper is not over metal which 
is being heated to an elevated temperature, as in 
the above test, but instead with weld metal which 
while cooling is stressed in tension before it has 
cooled enough to possess strength in the grain 
boundaries. For the latter condition, that is, for 
weld metal undergoing solidification, it is estimated 
that it would break intergranularly until it had 
cooled below 975° F. This estimate was reached 
by assuming that hysteresis or lagging effects in 
cooling will lower the 1025° F value by 50° F. 


Tank Failure as an Example 


The investigation of this missile-propellant-tank 
failure makes a good illustration for fracture study. 
The tank, Fig. 1, was made of '/;-in. 6061-T4 alu- 
minum by the weld-then-age technique described 
in Reference 2. This has butt joints which are 
welded by mechanical a-c tungsten-arc inert-gas- 
shielded equipment, at 20 ipm, with 4043 filler wire. 
During fabrication, the longitudinal weld in the 
shell is made first and the ends are trimmed square. 
Later, the knuckle ring (end member) is welded on 
by a girth weld. The failure of this and several 
subsequent tanks at 80% of proof load during proof 
testing was completely unexpected since many 
similar acceptable tanks had preceded it. 

The principal fracture was along 33 in. of the 
longitudinal weld seam. The fracture lay mainly 
along the centerline of the weld. X-ray negatives 
made during fabrication showed no flaws, and the 
fractured edges had no obvious defects such as gas 
entrapment or incomplete penetration. A strong 
herringbone pattern which was visible in the fracture 
indicated that failure started somewhere in the first 
three inches of the weld. This end, at the left in 
Fig. 1, was the end where welding commenced. It 
will be shown that there were two types of fracture 
present in this seam: an unusual intergranular frac- 
ture in the first three inches and a “‘normal’’ trans- 
granular one in the remainder of the break. 

Most of the 33 in. of fracture had the appearance 
shown in the photograph, Fig. 6. This is a view 


Fig. 8—A transgranular frac- 
ture, X 200. Two parts were re- 
fitted together and cross sec- 


tioned. From area shown in 
Fig. 6. Fracture cuts through 
three grains as per the sketch 


looking at the face of the fracture and is typical of a 
normal transgranular fracture. It has a uniform 
fine-grained texture, somewhat like wrinkled sand- 
paper. The herringbone pattern, of course, might 
or might not exist in other fractures. 

(The significance of the herringbone or chevron 
pattern is that, in a brittle or cleavage failure, there 
is often developed a series of Vees in the face of the 
fracture. These point toward the origin of fracture. 
One Vee is outlined in the photograph, Fig. 6. Vari- 
ous materials, not only welds but also base metals, 
may show this pattern if they fail in a brittle fashion. ) 

The unusual fracture pattern existing in the first 
three inches of weld is shown in Fig. 7. This is an 
intergranular failure. It has a block-like appearance 
because the fracture, by following the grain bound- 
aries, has exposed the faces of the grains. Some 
intergranular cracks, especially crater cracks, may 
show very well-developed polygonal grain shapes. 
The color or luster of the fracture generally is not 
significant in determining the type. 

To confirm these observations, samples of the 
fractured edges representing the two types were 
carefully refitted together, cross sectioned and pre- 
pared by the metallographer. The photomicro- 
graphs give a view looking lengthwise of the re- 
assembled longitudinal weld. The fracture types 
were as predicted. That of Fig. 8, corresponding to 
Fig. 6, is clearly transgranular. The fracture of 
Fig. 9, corresponding to Fig. 7, isintergranular. This 
confirms the conclusions as to the nature of the two 
fracture areas. 

In studying these photomicrographs, Fig. 9 is the 
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Fig. 9—An intergranular fracture, X 200. From area shown in 
Fig. 7. One grain lies left of the crack and another grain of 
different orientation or pattern lies right of the crack 


Fig. 10—Two fracture types are revealed where the longitu- 
dinal failure has torn across the girth weld. The transverse 
fracture of the girth seam is normal, transgranular. The 
beginning of the defective fongitudinal seam is at the right; 
itis intergranular. X10. (Reduced by '/,; upon reproduction) 


easier to understand. The crack is in a grain bound- 
ary. At this magnification, we can see only part of 
one grain lying left of the crack and part of another 
grain lying right of the crack. For this illustration, 
an area was picked where the difference in pattern 
between the two grains is very distinct. At other 
places along this crack, the difference was not so 
apparent. Moreover there were a few places where 
the fracture was of the other type, that is transgran- 
ular; fractures are not likely to be completely one 
type or the other. 

Fig. 8 showing a transgranular crack is more con- 
fusing, especially when only the area of the photo- 
micrograph is available for examination. The 
sketch shows the approximate location of several 
grains through which the fracture cuts. The best 


Fig. 11—Typical crater crack, upper view at X 2, and a section 
through it between A-A at X 12. Thisis a hot crack and being 
intergranular shows the blocklike crystal faces. (Reduced 
by '/, upon reproduction) 


Fig. 12—An inlet-tube joint which burst during proof 


testing. 6061 aluminum alloy. (Actual size) 


test is to compare, at a large number of places along 
the crack, the pattern near the left side of the crack 
line with that near the right side. It is concluded 
that nowhere is there a significant difference in pat- 
tern; in other words, in moving across the crack one 
does not encounter a different grain in the trans- 
granular fracture. 
A view of both types of fracture is given in Fig. 10. 
This is at the beginning of the longitudinal weld 
which of course was shown in the earlier photographs. 
Here in addition is the transverse break through the 
girth weld plus a small amount of base-metal fracture 
to the left of it. The girth weld has a normal trans- 
granular fracture and obviously failed as a result of 
the spread of the rupture of the longitudinal seam, 
shown at the right in the photograph. 
The conclusion regarding this tank failure was that 
a hot-shrinkage crack was following the welding torch 


é 
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for the first four to six inches of the seam. Usually, 
such cracks are sufficiently open to be visible, but 
this one defied all detection means including X-ray 
and dye penetrant. On some tanks, the crack was 
open and visible for the first inch and to this extent 
it was repaired. However, subsequent failure 
showed that the intergranular weakness extended 
much further; so, it was recommended that visible 
starting cracks be ground out and rewelded for at 
least four inches beyond their apparent end. 

A cause for the epidemic of cracking was found 
when it was learned that changes had been made in 
the welding fixture which allowed the initial end of 
the shell to be inadequately clamped. This was 
corrected; also, a large starting tab was welded on to 
restrain motion across the joint. Presumably, the 
inadequate clamping let the edges of the joint shift 
from thermal stresses while the weld was barely 
solidified; this resulted in a very minute separation of 
the grains. The strength of such “disturbed”’ joints 
can range from very high (40,100 psi in one sample 
down to zero where there is a visible crack. 


Crater-crack Fractures 


Another type of hot crack is the crater crack which 
often develops during the rapid solidification of a 
weld pool when welding is stopped abruptly. These 
cracks, as would be expected, are intergranular. A 
crater is shown in Fig. 11, along with a fractured 
cross section through it. The block-like faces of 
the grains show clearly in several places. Also 
visible is one of the shrinkage cracks which radiate 
from the center of the crater. Crater cracks often 
are covered up by subsequently deposited weld metal. 
However, if the joint is broken open, some remains of 
the crater cracks often can be seen. The hidden 
cracks have a severe notch effect and can contribute 
to an unexpected failure. These may have been 
the cause of the failure described in the next para- 
graph. 


Inlet-tube Failure 

Cracking of this welded joint, Fig. 12, during proof 
testing cast some doubt on the adequacy of the de- 
sign. Both members are 6061 alloy, manually 
tungsten-arc welded using 4043 filler rod. The face 
of the fracture, Fig. 13, shows some porosity but, 
more important, it shows the block-like pattern, 
especially noticeable in region B-B which is associ- 
ated with het cracking. A starlike group of cracks 
on the joint underside (not shown) suggested that 
this trouble started at a crater crack. It was learned 
that the welder had indeed seen some cracks and had 
attempted to remove then by remelting the weld 
rather than by grinding them out. 


Equipment and Techniques 

A binocular microscope, capable of « 20 or x 30 
magnification, is ideal for examining fractures. A 
light source should be diffused so as to minimize 
glare. The common spot-light illuminator can be 
improved with a frosted plastic lens cover. A 


Fig. 13—Face of fracture of inlet tube, X 12. Hot cracking 
(probably crater cracks) gives a blocklike fracture especially 
noticeable at B-B. Also visible are two gas cavities. (Re- 
duced by '/, upon reproduction) 


pocket lens of x 7 to xX 10 is a necessity when work- 
ing away from the laboratory. It should have a 
large flat field and give a brilliant image. This lens 
will reveal the structures described in this paper. 

In a report, photomacrographs (i.e., photographs 
at < 12 or less) will usually signify more to the aver- 
age reader than will photomicrographs 100 or 
over) of cross sections. The test of a macro is 
whether it looks as good as the view of the piece 
through the binocular microscope. Avoidance of 
glare and overcontrast in the photograph requires 
skilled use of lighting. One small spot light is 
often advisable for principal lighting, with one or 
two photofloods to fill in shadow areas. It is 
imperative that the principal lighting come from 
above the object. In other words, when the 
photograph is held as the reader will see it, the main 
lighting should have come from a direction above 
his head. Placing the light below the object will 
cause embarrassing reversals in which weld spatter 
will look like corrosion pits. 

The fractured parts should be handled by as 
few people as possible before they are given to the 
responsible observer. Where there is any likeli- 
hood of moisture being present, the fracture area 
should be dried and coated with oil to prevent 
corrosion. 
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Automatic welding setup for wire extension tests 


Welds made with a wide variety of electrical conditions and with wire extensions 
ranging from about 1 to 6 in. are used to investigate 


Preheated Welding Wires 
and Their Effect on Welding Characteristics 


BY W. T. DeLONG, J. H. BRADBURY AND H. F. REID 


Increased automation in welding places an ever in- 
creasing emphasis on the control of the variables 
influencing welding characteristics. Traditionally, 
the variables of prime concern have been welding 
current, arc voltage, wire size and rate of travel. 
Until relatively recently, the length of wire exposed 
between the contact and the arc often was over- 
looked in procedure recommendations. 
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In recent years, a number of articles have appeared 
in domestic and foreign journals stressing the impor- 
tance of I*R heating of filler metal. These studies! 
established the general theoretical aspects of the pre- 
heating phenomenon although the various investiga- 
tors were at odds on many minor details of operation. 
Potential applications of preheating in submerged- 
arc welding are outlined in at least two U. S. pat- 
ents.°~7 

This report summarizes work designed to explore 
other practical applications of these previously de- 
termined theoretical findings. 
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Experimental Procedure 


Welds were made in the flat position on lengths of 
appropriate base metal using a wide variety of 
electrical conditions and wire extensions from about 
1 to 6 in. Throughout this article, wire extension 
is defined as the length of wire extending beyond 
the last point of electrical contact. A commer- 
cial constant-potential d-c welding machine was used 
as the power source. Filler wire was supplied to the 
arc at a constant rate of feed, using combinations 
of semiautomatic and fully automatic wire-feeding 
units and welding heads commercially available. 

Most of the investigation was concerned with the 
effects of preheated solid mild-steel wires on welds 
made on hot-rolled steel plate using CO.-gas-shielded 
and submerged-arc welding techniques. Explora- 
tory tests also were made on stainless steel and 
aluminum base materials using the inert-gas-shielded 
consumable-electrode process. Preliminary work on 
the open-arc hard surfacing of mild steel completed 
the study. 

Tests were designed to explore the limits of po- 
tential advantage resulting from the use of pre- 
heated wires. Welding conditions, therefore, were 
not restricted to those combinations that produced 
commercially acceptable weld deposits although 
most of the deposits evaluated met normal in- 
dustrial standards. 

Increased length of wire extension was accom- 
panied, in some cases, by increased operating diffi- 
culties resulting from uncontrolled movement of 
the small-diameter filler wire and from inability to 
maintain an adequate coverage of shielding gas in 
the area of the arc. These difficulties were overcome 
by using, where necessary, an insulating tube around 
the filler wire as shown in Fig. 1. This tube pro- 
vided necessary directional control for the wire and 
insured normal gas protection for the arc at all times. 

After visual examination, welds were sectioned and 
etched to determine the depth of penetration below 
normal plate level and height of reinforcement. 
Throughout this report, the ratio of area below plate 
level to total cross-sectional area is reported as per- 
cent dilution. 


Influence of Wire Projection in the 
CO, Welding of Mild Steel 


A series of welds was made on '/,-in. thick hot- 
rolled steel plate using '/;.-in. diam mild-steel 
(rimmed) filler wire and carbon-dioxide shielding gas 
flowing at the rate of 40 cfh. Special gas nozzles 
were employed to keep the nozzle orifice 1 in. from 
the surface of the plate at all times. 

Tests were under a variety of welding conditions 
and at weld-metal deposition rates of from 8 to 20 
lb/hr. In all tests, actual welding current was 
dependent on the combination of machine voltage, 
deposition rate and wire extension being studied. 

For any given deposition rate and machine setting, 
welding current decreased sharply as the length 
of wire extension increased, as shown in Fig. 2. To 
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Fig. 1—Schematic view of modified welding gun 
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Fig. 2—Effect of wire extension on welding current 
(mild-steel welds using CO, welding techniques 
and constant welding-machine settings) 
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Fig. 3—Effect of wire extension on base-metal dilution 
(mild-steel welds using CO, welding techniques 
and constant welding-machine settings) 


deposit the same amount of weld metal, current 
required for a 5-in. wire extension was only about 
half that necessary if less than 1-in. of the filler wire 
was exposed. 

At constant deposition rate and length of wire 
extension, changes in machine voltage did not materi- 
ally alter welding currents. Over most of the range 
investigated, the 10-v shift in machine setting was 
accompanied by a 10 to 20-amp change in welding 
current. For short wire extensions and high dep- 
osition rates, such changes in welding current were 
more pronounced as evidenced by the increased 
width of the first portion of the scatter band for the 
20 lb/hr data in Fig. 2. 

Amount of dilution from the base metal increased 
somewhat as déposition rate increased. At all con- 
stant deposition rates, however, dilution decreased 
sharply as length of the wire extension increased. 
Figure 3 summarizes the results of tests made at 
30-, 35-, and 40-v machine settings and deposition 
rates of 8 and 20 lb/hr. In the case of weld metal 
deposited at a rate of 8 lb/hr, penetration or dilution 
was reduced nearly 80% by increasing length of the 
wire extension to 5 in. 

Variation in machine voltage altered dilution from 
2'/, to 10% as shown by the width of the cross- 
hatched areas in Fig. 3. 
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Fig. 4—Effect of wire extension on welding current 
(mild-steel welds made using submerged-arc welding 
techniques and constant welding-machine settings) 
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Fig. 5—Effect of wire extension on base-metal dilution 


(mild-steel welds made using submerged-arc welding 
techniques and constant welding-machine settings) 


Influence of Wire Projection on 
Submerged-arc Welding of 
Mild Steel 

A series of submerged-arc welds was made on !/,- 
in. thick hot-rolled steel plate using :-in. mild-steel 
filler wire and a conventional granular flux. Welds 
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Fig. 6—Effect of wire extension on characteristics 


of stainless-steel welds made using inert-gas- 
shielded welding techniques 


T T ] 
WELDING CURRENT | 
— — DILUTION 


+490 


45 L8S./ HR 


DILUTION FROM BASE METAL,% 


a 
= 
< 
a 
oO 
a 
> 
N 
z 
= 
Oo 
2 
a 
= 


2 3 
WIRE EXTENSION, INCHES 


Fig. 7—Effect of wire extension on characteristics 
of aluminum welds made using inert-gas- 
shielded welding techniques 


were made under a variety of voltage settings with 
the rate of deposition held constant at 16'/, lb/hr 
and at 23 lb/hr. 

At both deposition rates, welding current de- 
creased progressively as length of the wire projection 
increased. The decrease was not as sharp as that 
observed in case of welds made under similar con- 
ditiens using CO,-gas-shielded welding techniques. 
Extending the filler wire to 5'/, in. reduced current 


requirements 15 to 20% without reducing rate of 
deposition of the weld metal as shown in Fig. 4. 

Changes in machine voltage produced a greater 
change in welding current under these conditions of 
testing than observed in the previous series of tests. 

Influence of wire projection on penetration or base- 
metal dilution was not so pronounced in submerged- 
arc welding as described in the previous section. 
Generally speaking, dilution, summarized in Fig. 5, 
decreased as length of wire projection increased. 
For any specific wire projection, however, both sets 
of data showed a wider scatter of values with 
changes in machine voltage than observed in any 
other tests in this investigation. Cause of these 
variations was not determined. 


Exploratory Tests of Influence of 
Wire Projection Using Other 
Welding Processes 


Data presented previously showed that changes 
in amount of wire extension altered the performance 
of filler wires used in such widely different welding 
processes as submerged-arc welding and CO,-gas- 
shielded welding of mild steel. Although the 
amount of variation produced by like changes in 
wire extension appeared to be a function of the 
particular welding process, in both cases the welding 
current and the depth of penetration showed distinct 
changes. 

Exploratory tests, therefore, were made using 
inert-gas welding techniques on aluminum and stain- 
less steel to determine if these observed trends for 
mild-steel welding would be valid for other welding 
processes and base metals. A number of tests were 
also made using open-arc semiautomatic welding 
techniques and alloy-filled surfacing wires. 


Inert-gas-shielded Welding of Stainiess Steel 

A series of inert-gas-shielded welds were made on 
'/s-in. Type 304 stainless-steel plate using '/,;-in. 
Type 308 wire as the consumable electrode and argon 
flowing at a rate of 40 cfh as the shielding gas. Wire 
extension was increased progressively from 1'!/, to 
5 in. while machine voltage and deposition rate were 
held constant at 26 v and 7'!/, lb/hr, respectively. 
As in other tests in this investigation, special nozzles 
were used to insure adequate gas coverage irrespec- 
tive of the length of wire projection. 

Welding current required to maintain the desired 
rate of deposition decreased sharply as the length 
of projection increased to 5 in., as shown in Fig. 6. 
Under these conditions, only 110 amp were required 
to secure the same deposition that initially required 
180 amp. 

Penetration also decreased sharply as length of 
the wire extension increased. By balancing wire 
projection and welding current, virtually nil pene- 
tration was achieved. Lack of measurable pene- 
tration was not accompanied by lack of fusion. The 
weld metal appeared to be bonded firmly to the base 
material in much the same manner as a high-quality 
brazed joint. 
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Inert-gas-shielded Welding of Aluminum 

A series of exploratory welds also was made on 
1/in. Type 6061-T6 aluminum plate, using '/;,-in. 
Type 43S aluminum filler metal and 70 cfh of argon 
as the shielding gas. Machine voltage was main- 
tained at 26 v and the deposition rate was held con- 
stant at 4.3 lb/hr. As in other tests, the length of 
the wire projection was varied from 1 to 5 in. using 
special nozzles where required to insure adequate gas 
coverage. Results of these tests are summarized in 
Fig. 7. 

Welding current and depth of penetration both 
decreased as length of the wire projection increased. 
Welding current decreased about 20% and penetra- 
tion more than one-third over the range of wire pro- 
jections investigated. 


Open-arc Semiautomatic Surfacing 

Early in the development of tubular, alloy-filled 
wires for open-arc surfacing it became apparent that 
the performance of such tubular wires was influenced 
sharply by position of the end of the wire with respect 
to the nozzle. Figure 8 summarizes typical results 
of a series of tests made on hot-rolled mild-steel plate 
using */.-in. tubular wires. 

In all tests where deposition rate was held con- 
stant, current requirements decreased as length of 
wire projection increased. Amount of the decrease 
varied with the deposition rate, but generally was in 
the order of a 20 to 30% reduction as length of the 
wire projection was extended from 1 to 4 in. beyond 
the holder. 


Discussion of Results 

Results showed that, irrespective of the base 
material or type of welding process employed, in- 
creased wire extension was accompanied by a de- 
crease in welding current and base-metal penetration. 
Although the amount of these decreases varied with 
the base metal and the welding process, the rate of 
decrease frequently approached a. straight-line 
function for wire extensions of 1 to 5'/, in. For 
shorter extensions, the rate of change was more 
rapid, resembling an exponential curve. This latter 
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Fig. 8—Exploratory tests made using 
an open-arc surfacing wire 


type of curve was most pronounced in data for the 
CO, welding of mild steel. 

There are numerous practical applications and ad- 
vantages to be gained from the use of this principle 
of controlled preheating of filler wire. 

1. Decreased Welding Current. For any specific 
combination of deposition rate, base material, weld- 
ing process and machine voltage, the current required 
to melt the desired amount of filler metal decreases 
as length of wire extension increases. This permits 
the use of limited-capacity power sources to achieve 
deposition rates previously considered unattainable 
or to be used in situations previously considered im- 
practical. 


Fig. 9—-Typical mild-steel welds made using submerged-arc welding (welding-machine settings maintained constant) 
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2. Increased Deposition Rate. If welding current 
rather than deposition rate is held constant, then 
deposition rate increases sharply as length of wire 
extension is increased. In Fig. 8, for example, if 
welding current was maintained at 400 amp, the rate 
of deposition would change from about 20 lb/hr with 
a 1-in. wire extension to about 30 lb/hr with a 4-in. 
wire extension. Such increase in deposition rate 
naturally would have to be accompanied by an 
equivalent increase in rate at which filler wire was 
fed into the arc. 

3. Reduced Penetration Without Impaired Bonding. 
This principle can be utilized to reduce penetration 
sharply without impairing bond strength, as illus- 
trated in Figs. 9 and 10. This can be useful in hard 
surfacing or stainless-steel surfacing applications 
from the viewpoint of decreasing dilution and hence 
minimizing changes in the chemistry of the deposit. 

4. Reduced Penetration of Mild Steel Minimizes 
the Need for Special Filler Metals. In the case of 
welds made on mild steel, decreased dilution as of- 
fered by preheated wires could minimize or eliminate 
the need for very highly deoxidized filler wires. 

For example, assume that silicon content of the 
weld metal must be at least 0.15% to prevent rim- 
ming (gassing) of welds made on hot-rolled steel plate. 
Since filler wire must previde sufficient silicon to 
maintain this level, dilution from the lower-silicon- 
content base material becomes an important consid- 
eration. If wire extension decreases the amount of 
penetration or dilution, it also decreases the need for 
high-silicon levels as illustrated by the following 
calculations based on typical test data: 


Calculated minimum 
silicon that must be 
Measured dilution recovered from filler 


Wire from base metal, metal to maintain 
extension, in. % 0.15% silicon level, %* 

l'/; 51 0.31 

3 38 0.24 

5 3 0.15 


® Additional silicon also required to offset oxidation losses 


5. Operating Characteristics May Be Controlled 
More Completely. As length of wire extension in- 
creases, metal transfer becomes more globular. In 
some cases, this change in metal transfer was accom- 
panied by a decrease rather than the normal in- 
crease in level of spatter. 

Preheated filler wires often can be used success- 
fully with short arcs and high welding currents with- 
out excessive penetration or poor bead contour. 
It is possible that, with this technique, thin gage 
materials could be welded at high deposition rates 
where normal wire extensions would produce exces- 
sive, unusable levels of penetration. 

6. Decreased Ease of Starting. It must be noted 
that increased wire extensions often are accompanied 
by increased difficulty in starting the weld. If the 
wire freezes to the base plate, the entire extension 
heats very rapidly and may melt at any point along 
its length. Under such conditions, melting at other 
than the arc end could continue indefinitely. Thus, 
extra care and precautions are essential on striking 
the arc to insure a good start. 


Summary 

Many welding processes are limited by the avail- 
able degrees of freedom for adjusting welding con- 
ditions. Normal major variables are arc voltage, 
welding current and wiresize. Wire temperature, as 
controlled by length of extension of the wire from the 
contact tube, provides another important tool in 
controlling welding characteristics. 

Wire extension markedly alters base-metal dilu- 
tion, welding current and deposition rate. Type of 
metal transfer and spatter loss frequently are also 
influenced by length of wire extension. 
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Fig. 10—Typical stainless-steel welds made using inert-gas-shielded welding (welding-machine settings maintained constant) 
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Design, Welding Procedure and Fabrication of Concentric 


Molten-Sulfur Pipe Line 


35,000 feet of hot double-jacketed pipe installed in the Gulf of Mexico 


BY C. M. COCKRELL AND J. M. SHILSTONE 
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Fig. 1—Location of Grand Isle and 
Freeport’'s other sulfur mines 


Fig. 2—Aerial photograph of drilling platform 


The Freeport Sulphur Co. acquired a large sulfur de- 
posit 7 miles offshere in 50 ft of water in the Gulf of 
Mexico, Southwest from Grand Isle, La. (Fig. 1). 
The ore body is in a salt dome formation at a depth 
of 1800 to 2500 ft and is expected to produce for a 
number of years before depletion (Fig. 2). 


The Mine 

The mining and production facilities required a 
1500-ft long rigid-steel structure of 55-ft clearance 
over the water to protect the equipment from the 
violence of tropical hurricanes, in this exposed area, 
producing 115 mph wind and 43-ft breaking waves. 
These working platforms are supported on 30-in. 
diam steel piling driven 150 ft into the soft bottom. 
In the mining of sulfur, the surface subsides to com- 
pensate for the sulfur removed and is estimated at 
43 ft max at the center, decreasing as a function of 
the distance from the center over an area of about 3 
diam of the ore body. To combat subsidence, the 
water-heating plant, living quarters, and other per- 
manent structures are located some distance from 
the center of the dome, thus requiring the long 
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Fig. 3—Heating plant 


The bridges provide a road- 
way on the upper deck and the lower decks carry the 
fire water, hot mining water, steam, brine, air, sulfur 
and gas pipes as well as electric power and communi- 


bridge-type structure. 


cation cables. Several 50-ft square towers support 
the 200 bridges between the drilling platform and 
heating-plant area. These structures used over 
10,000 tons of steel, 38,000 ft of 30-in. pipe piling, 
and 1,000,000 board feet of creosoted lumber which 
was prefabricated on shore and erected at the off- 
shore site in sections up to 650 tons in a single lift 
onto the piling with a cutoff at 55 ft above water. 

Manual, covered-electrode arc-welded joints were 
used for both in fabrication and field erection. Prac- 
tically all members are pipe and considerable study 
was done on the joints, including some large-scale 
destructive load tests. 

Only qualified welders were used and inspectors 
were constantly on the job checking fit-ups, cleaning, 
each pass of the weld and making such tests as might 
be required to insure high-quality joints. The weld 
caps were carefully controlled to a flat, smooth, even 
surface without undercutting to insure soundness 
and leave a suitable surface for painting. Welding 
was suspended during high winds as well as rain, 
except for the smaller assemblies that could be fabri- 
cated in the building (Fig. 3). 

In the Frasch mining process, hot water is pumped 
intc the well for melting sulfur and the heavy specific- 
gravity molten sulfur collects in a pool at the bottom 
of the well, thence it is pumped by air lift through an 
inner pipe in the well. 

The mining process and auxiliary services require 
a heating plant for 5.5 million gal. per day of 325° F 
sea water, 2500 cfm of 1000-psig air and 4500-kw elec- 
tric power operating at 90° thermal efficiencies, us- 
ing 13 million cfd of natural-gas fuel. 

The mining is a continucus operation using 150 
men, each working five 12-hr days, staying at the 
platform, then 5 days off. Helicopters are used for 
personnel transportation to shore rather than boat 
to avoid the hazard of transferring to the platforms 
and the discomforts caused by high seas. 
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Fig. 4—Underwater sulfur-line pictorial 


Sulfur Transportation 

In order for the mining of sulfur to be economical, 
it must be kept in a molten state until deposited in 
storage tanks or stock piles beside the ship and barge 
loading dock. For the inland minings, the liquid 
sulfur is shipped via insulated barge to the dock site 
on the Mississippi River. The production in the 
open seas developed the problem of maintaining 
barges at the platform to be able to receive con- 
tinuously the flow of the molten material (Fig. 4). 
To circumvent this problem, design was developed 
for a pipe line to extend from the platform to the lee 
of the shore at Grand Isle which proved to be more 
economical and offered continuous service under all 
weather conditions. 

A 4500 ton-per-day line capacity was required to 
serve the mine properly, and a temperature of 280° F 
or more is needed at the island water liquid-sulfur 
barges loading dock. This requires 35,000-ft line 
length from the heating plant platform in 45 ft water 
to the inshore side of Grand Isle. The island is 
about 2500 ft across at this location and has a re- 
ceding shore which could consume '/; the island in 
20 years. This called for burying the line below the 
anticipated 1980 beach bottom. Existing experi- 
ences indicated that lines in the Gulf must be buried 
to withstand storms. This line, as laid, has 5 to 9 ft 
of cover which offers reasonable protection. In- 
vestigation of the bottom found about 1!/; miles of 
sand on the beach end and soft clay for the deeper 
water. About a mile of the clay bettom is of ex- 
tremely weak load capacity even at 14 ft below the 
bottom. 

In normal practice, sulfur lines are steam heated 
to an operating temperature of about 300° F and 
must be kept above the 240° F freezing point. Sul- 
fur becomes extremely viscous above 320° F and 
cannot be economically pumped. Steam had too 
great a pressure drop for economical-size pipe for a 
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Fig. 5—Cross section of offshore sulfur line at rollers 
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Fig. 6—Cut-away perspective of offshore sulfur line 


single entrance on a 35,000-ft length line; therefore, 
hot water was more suitable even though it has less 
available heat. 

The pipes exposed to sea water require a protective 
coating and must further be insured by cathodic pro- 
tection. The presence of a small amount of hydro- 
gen sulfide in sulfur presents a hazard of corrosion 
and embrittlement cracking should any moisture 
leak into the sulfur or sulfur leak into the water, 
thus requiring that the working stress be limited 
below the crack-sensitive level on the inner lines. 

At the 300° F operating temperature, the inner 
line of steel had some 58-ft thermal expansion which 
led to the selection of a partial-prestress design as 
the practical, economical solution to meet the over- 
all requirement. This design uses a straight line 
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which allows removal of the inner line from the sub- 
merged buried casing in case of leaks or other diffi- 
culties. The inner lines are supported on rollers to 
reduce the friction for removing the inner line, to 
facilitate construction, for better prestress and for 
lower maximum operating stresses. 


Design of Line 


After the feasibility and requirement of the line 
had been established, the actual design was begun 
(Fig. 5). After comparison and evaluation of several 
arrangements for heat loss, pressure drops, working 
stresses, weight and practical limitation, the 5-pipe 
bundle was selected, composed of a 6-in. OD sulfur 
line, 7°/s-in. OD water jacket, 2'/,-in. thermal insula- 
tion, 14-in. OD casing, 4'/,-in. OD water return line 
and 6°/;-in. OD fresh-water line banded into a single 
unit. 

The relative line weight and allowable soil bearing 
are quite important; the line must be light enough 
for the soil to support and heavy enough not to float 
in water or mud slurry. All pipe in one bundle was 
the cheapest construction and, by adding the fresh- 
water line, the broader bearing area helped solve the 
soil loading problem; also, it added a very attractive 
function by supplying a limited quantity of fresh 
water to the platform as could be made available 
from returning sulfur barges. 

The 14-in. OD API5L x 42 B & S line pipe casing 
was selected as suitable for the loading imposed by 
tension when cold and compression when hot from 
the inner lines, also for the partial catenary suspen- 
sion or restricted sag in the soft spots on the bottom. 
Prestress of the casing above its thermal expansion 
was included in the specification to help stabilize the 
line in the partially suspended sections. 

Several days’ delay by unfavorable weather al- 
lowed the mud to consolidate to such an extent that 
300,000-lb pull for prestressing produced a limited 
amount of stretch. Although prestressing was de- 
sirable, it appeared impractical to risk the damage 
that might be inflicted on the line to get it free of 
the mud. Therefore, it was accepted without pre- 
stress on the casing. Fortunately, stresses had been 
calculated for both with and without prestress 
thereby falling in a satisfactory range. 

The bell and spigot joint, using a fillet-type weld, 
was required to eliminate the weld protrusion on the 
inside of the pipe which would cause serious re- 
sistance to the passage of the rollers (Fig. 6). A 
special high-temperature protective coating was used 
for strength to transmit the soil forces to the pipe. 

The 6-in. OD sulfur line was analyzed for all condi- 
tions such as internal pressure, external pressure, 
bending, buckling from compression, prestress, etc. 
The buckling characteristics of the 6-in. line under 
compression assist in absorbing the thermal expansion 
without excessive stresses. The 7°/;-in. OD jacket 
pipe was analyzed as above, plus determining the 
roller spacing at 19 ft-6 in. centers. Designing at 
0.6 of the yield point for operating and 0.7 of the 
yield point for the cold condition, the required 
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strength was a 60,000-lb yield-point steel at 29,000-lb 
prestress and 17,000-lb operating compression. 
Samples of several steels were tested by an acceler- 
ated embrittlement procedure and a special high- 
strength carbon molybdenum steel was selected as 
the attractive offering. The maximum hardness of 
the steel was limited to 23 Rockwell C which also 
applies to the welded area. 

This steel has a typical chemistry of 0.25 carbon, 
1.25 manganese, 0.15 molybdenum, 0.02 phosphorus 
and 0.02 sulfur. A yield strength of 60,000 psi was 
specified; however, the material as furnished ranged 
from 66,000 to 85,000 psi, for an average of 76,800 
psi, with only one lot below 70,000 psi. The tensile 
strength ranged from 83,000 to 100,000 psi, or an 
average of 90,000 psi, with a Rockwell hardness of 
9.42 to 13.8. The mill inspection of this pipe was 
more rigid than that required by the standard API 
specifications. 

Aluminum pipe was rejected on the temperature 
stress limitations. 

The tandem rollers on the 4 quadrants are used to 
stabilize the 7-in. pipe from buckling and to reduce 
the friction in expansion; also they allow removal of 
the inner lines. The tandem arrangement permits 
smooth passage over the gap in the welded bell-and- 
spigot joint in the casing. The maximum load on a 
roller is calculated at about 3000 lb. 

These rollers were assembled on halves of steel 
band which were fitted with calcium-silicate insula- 
tion. The halves were placed on the pipe with so- 
dium-silicate-coated banding material, then clamped 
tightly together and the lateral seams welded. 
There is no metal contact to the 7-in. pipe, the load 
and thrust being transmitted by the insulation. 

The 4'/.-in. OD coated return-water plain end and 
6°/;-in. OD fresh-water coated and cement-lined 
bell-and-spigot pipes are Grade B pipe banded to 
the casing with 13° chrome-steel slings, top and 
bottom, to insure a fixed relative position. 

A bell-and-spigot joint is used on the 6°/;s-in. ce- 
ment-lined pipe in order to keep the welding heat 
away from the wet cement used for joining of the 
end of the cement lining. 

The line is designed to operate with 320° F water 
and sulfur in at the mine, and 280° F out at Grand 
Isle, an average temperature of 300° F. The sul- 
phur is pumped at 900 psig maximum. The heating 
water may reach 1200 psig during heating up periods, 
but normally will be much lower. An air pressure 
of 45 psig is maintained in the casing to prevent sea 
water leakage into the insulation. This air pressure 
can be increased above the jacket water pressure for 
protection in case of a leak in the 7°/;-in. water jacket. 


Welding Procedure 


The welded joint must be of the best quality, 
developing 100% of the strength of the pipe in com- 
pression and tension; also, it must be 100% free of 
leaks over the life of the line. Due to the possible 
presence of hydrogen sulfide within the carbon-moly 
lines, hydrogen embrittlement must be considered a 


major problem. Low-hydrogen electrodes appeared 
to have the desired properties and were specified. 
Great care would have to be exercised in the welding 
with these electrodes to keep defects within accept- 
able standards. Porosity and root defects were of 
principal concern. Repairs to welds and cutouts 
were to be performed by manual cutting and grind- 
ing, so as to assure that the base metal would not be 
contaminated. 

The specifications provided for the following con- 
struction procedure: 

1. Carbon-moly, 6 and 7°/s-in. and 14-in. bell-and- 
spigot pipe were to be welded in thousand foot 
lengths. 

2. Each weld in the thousand foot lengths was 
radiographed and hydrostatically tested. 

3. Carbon-moly pipe, 6 in. was to be placed inside 
of the 7°/s-in. carbon-moly pipe. 

4. Carbon-moly pipe, 7°/s; in. with 6 in. inside was 
to be placed inside of a 14-in. bell and spigot. As the 
pipes were placed one within the other, rollers and 
insulation were to be applied to the 7°/;-in. pipe. 

5. Two 1000 ft lengths were to be joined to 
make 2000 ft lengths. Upon completion of the 6-in. 
pipe weld, it was to be radiographed and hydro- 
statically tested. Upon completion of the 7°*/;-in. 
weld, this pipe was to be radiographed and hydro- 
statically tested. Upon completion of the 14-in. 
bell-and-spigot weld it was to be radiographed. 

6. Upon completion of the welding of all pipe in 
2000 ft lengths, pull from the island to the platform 
was to be commenced. After the completion of 
each 6 and 7°/;-in. weld, the weld was radiographed 
and then hydrostatically tested. The 14-in. welds 
were inspected with the magnetic particle method. 

7. Upon installation of the full length, the 14-in. 
welds were air tested to 1500 psi. 

Upon award of the contracts to the Prime Contrac- 
tor, and to the Inspection Agency, the Owner, Con- 
tractor and Laboratory commenced independently 
an investigation to determine the best welding pro- 
cedure. 

Low-hydrogen electrodes of the EX X16 classifi- 
cation had been used by the Freeport Sulphur Co. 
at their main plant in Port Sulphur, La. All but a 
few of the joints so welded were rolled. Radio- 
graphic inspection had not been used to determine 
quality. Some of the fixed-position welds were 
trepanned and examined visually. It was found 
that there was some degree of concave stringer in 
the overhead position. During the initial phases of 
the procedure development for the carbon-moly pipe, 
the material was available only in small quantities. 
As nipples were welded by Freeport and the con- 
tractor, they were sent to the laboratory for radiog- 
raphy and physical testing. In no case did these 
nipples comply with the requirements of API Code 
No. 1104. After two weeks of independent action, 
a concerted effort was made at the testing laboratory 
office to establish a practical welding procedure. 
Twenty feet of pipe were shipped by air freight from 
the mill. This was cut into 6-in. nipples and beveled 
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under the same standards as the pipe to be delivered 
to the project. This provided for a 30 deg bevel 
with a sixteenth inch land. In order to avoid waste 
of the still critical carbon-moly pipe, welders prac- 
ticed with the low-hydrogen electrodes on ASTM 
A-106 Grade B pipe. 

Low-hydrogen electrodes may be used most effi- 
ciently in the flat position. The prime contractor’s 
plan of operation provided that all welds were to be 
made in the fixed position (bell hole). Due to the 
contractor’s arrangements for union operators, he 
was utilizing highly qualified pipe-line welders. In 
practically all pipe-line work, the downhill-welding 
procedure is predominant. This downhill welding 
generally leaves slag inclusions of major consequence 
in the weld when low-hydrogen electrodes are used. 
This type of welding must be performed by operators 
experienced in the uphill technique. The first major 
barrier encountered was with the welders. They 
felt that since they had been able to perform good 
work with downhill welding with the E6010 and 
E7010 electrodes, they would be able to do the 
same thing with the low-hydrogen electrodes. The 
best way to convince them that this was not practical 
was to let them make the weld in any manner they 
desired, radiograph it and show them the results 
that had been obtained. Another factor which had 
to be shown to the welders was electrode tempera- 
ture. A few had, in the past, encountered the 
necessity of using electrodes directly from a “‘hot- 
rod” box. Here, again, the operators were allowed 
to use cold electrodes and then shown the greater 
ease of manipulation and better radiographic re- 
sults with the hot electrodes. During this experi- 
mental work, the operators gained familiarity with 
manipulation of low-hydrogen electrodes and ap- 
preciated the fact that a great deal of care had to be 
exercised in weld application. This practice was 
necessary to assure that the defects encountered 
during the various testing phases were not entirely 
the fault of the operator. In many cases, during the 
early phases of procedure development, welding did 
not progress beyond the stringer bead due to obvious 
defects of major consequence. 

After three days of practice, and after the pre- 
conceived misconceptions held by the operators had 
been dispelled, actual procedure development began. 
Three welding stations were assigned with each to 
attempt to develop a different technique. Station 
1 was to work with EX X16 classification electrodes, 
Station 2 with tungsten-are inert-gas stringer and 
low-hydrogen filler and cap, and Station 3 with 
EXX18 electrodes. In all cases, 300-amp motor- 
driven welding machines were used. All electrodes 
were placed in a hot-rod box and maintained at a 
temperature of 200° F. Outside technical assist- 
ance was provided by representatives of many of 
the major welding-supply companies. Fourteen dif- 
ferent types and brands of electrodes were tested. 

Early lessons learned were as follows: 

(a) An uphill welding operator needs at least three 
days of practice with low-hydrogen electrodes prior 
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Fig. 7—Angular elongated porosity; guided-bend specimen 


to commencing work to be performed under radio- 
graphic standards. His test welds must be radio- 
graphed to locate porosity and other defects, and 
the films must be shown to him so that he will know 
where his defects are located and take corrective 
action. 

(6) Except possibly when performed by specialists, 
a low-hydrogen electrode used in position welding will 
not produce welds of consistent radiographic quality, 
due to root defects, unless a back-up ring is used. 

(c) Porosity in the stringer bead may be pulled 
through the weld by subsequent passes. Frequently 
the end weld will be clear of perosity in the stringer. 
The porosity will be angular to the face of the weld. 
Radiographically it will appear sausage shaped and 
very uniform. In groups, they appear as chicken 
tracks. Though not greatly different in film density 
due to their angular direction to the rays, they may 
extend as much as 75° of the weld depth. A 
photograph of one of the worst such defects en- 
countered is shown in Fig. 7. 

(d) Thirty degree bevel with '/,,-in. land joint 
design is not suitable for tungsten-arc inert-gas 
welding with no filler metal added. One joint made 
in this manner cracked through the length of the 
stringer. With a filler metal, a concave stringer in 
the overhead position can be expected in a high per- 
centage of the welds. Much more suitable is the 
J bevel or modified J with no filler metal. 

(e) Welder opinion reflected a preference to the 
EXX16 electrode due to an apparent decrease in 
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Fig. 8—Microhardness survey of acceptable weld 


burn-off rate. With the slower burn-off, better 
handling of the flux is possible. 

(f) Cleaning of the weld is most important. At 
every stopping point the weld must be cleaned 
before starting again. ‘‘Wagon tracks’? must be 
ground out as they cannct be burned out in the same 
manner as is done with the EX X10 electrode. 

g) Low-hydrogen electrodes deposit a greater 
amount of metal than do most other classifications of 
comparable size. Electrodes one diameter smaller 
than that which would be selected for EX X10 weld- 
ing should be used. 

Based upon these principles, a series of tests were 
commenced utilizing all of the various types of 
electrodes and equipment present. For these tests, 
voltage, amperage and polarity were varied to gain 
maximum knowledge of optimum machine opera- 
tion. Electrode diameters in each case were one 
size smaller than normally selected from 
EXX10 classifications. Stringer beads were run 
with */,.-in. diam electrodes. 

It was found that the utilization of a low-hydrogen 
electrode for the stringer bead would result in a 
great number of cut outs due to root defects. The 
welding procedure established for the project pro- 
vided for the utilization of a tungsten-arc inert-gas 
procedure with filler wire for the stringer. The 
stringer was applied with a setting of 16 v and 150 
amp. Filling and capping were performed with 
E8018 C-3 electrodes at 24 v and 95 amp. The 
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E8018 C-3 electrode was selected due to the fact that 
the deposited metal was not notch sensitive. In 
the final tests for procedure qualification, there were 
no defects encountered for the root or face-bends or 
in the nick-break test. Tensile tests averaged 
94,000 psi, with failure occurring outside of the weld. 
There was a slight concavity of the stringer bead in 
the overhead position. It had been agreed that 
such concavity would be acceptable from ‘“‘five to 
seven o’clock”’ positions. 

Samples of this test were subjected to accelerated 
hydrogen-embrittlement tests and were accepted. 
Another sample was sent to the metallurgical labora- 
tory for a microhardness survey. Project specifi- 
cations provided for a maximum Rockwell C hard- 
ness of the deposited metal to be 23. The hardness 
survey is shown in Fig. 8 for the accepted procedure, 
and in Fig. 9 for a procedure physically qualified but 
rejected for excessive hardness. 


Field Welding 

Following acceptance of the procedure, the con- 
tractor installed welding stations on the island. Due 
to the fact that there was a prevailing breeze coming 
into the island, it was necessary to install a shielded 
platform at all welding stations to protect the weld 
puddles. Hot-rod boxes were provided for filling 
and capping stations. 

In the operator qualification, the welders assigned 
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to apply the filler and cap were provided with 
nipples with the stringer bead made by one of the 
operators selected to perform stringer-bead work on 
the project. The stringer-bead operators were re- 
quired to be tested not only with the tungsten-arc 
inert-gas welding technique but also with the low- 
hydrogen electrode for filling and capping. Upon 
completion of the qualification weld, it was radio- 
graphed to determine compliance with API 1104. 
Physical specimens were cut in accordance with the 
API code except that, where root-bend tests were 
specified, face-bend tests were performed for those 
welders testing for filling and capping. Since the 
welders were to perform work upon API5L X 42 
line pipe, they were first qualified on that material. 
Upon completion of the 14-in. qualification, they 
were given time to practice with low-hydrogen elec- 
trodes for varying periods. Most, however, prac- 
ticed for two or three days prior to being tested with 
low-hydrogen electrodes. Approximately 30% of 
the welders tested, even after practice, failed the 
first test for the low-hydrogen weld. Two-hundred- 
amp gas-driven welding machines were used. These 
were also used for the tungsten-arc inert-gas stringer 
bead. 

After sufficient welders had been qualified, fabri- 
cation of the first one thousand foct section of 6-in. 
carbon-moly pipe was commenced. The radio- 
graphic examination of this stalk indicated 100% 
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The first stalk of 7°/;-in. carbon-moly pipe 
emerged with similar results. The project was shut 
down to re-evaluate the welding procedure. It was 
apparent that the equipment and conditions in the 
field were too divergent from those of the laboratory 
to produce welds of comparable quality. 

Nipples were cut and J bevels made, both standard 
and modified. The nipples were then welded with 
a stringer made with a tungsten-arc inert-gas pro- 
cedure without filler metal. The nipples were 
tightly butted together and tacked in three places. 
Machine settings were allowed to vary between 17 
and 20 v and 150 to 175 amp. The ceramic cup 
(‘/.-in.) was then placed in contact with the lip of 
the bevel and the weld made uphill with a “‘walk- 
ing” technique. The E8018 C-3 filler and cap 
welds were then made in accordance’ with 
previously approved techniques. The first weld 
so made was radiographed and found to be the 
best yet made in the procedure development 
Similarly, the modified J bevel was welded. The 
results were only slightly below those with the 
standard J. Physical tests were conducted on these 
specimens and found to comply with the code in all 
respects. Several lengths of pipe were rebeveled on 
the job site with the J bevel and welded in the racks 
on a production-line basis. These were all found to 
comply with the specifications. It was necessary 
to rebevel all of the carbon-moly pipe for the project 
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Fig. 9—Microhardness survey of unacceptable weld 
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which amounted to 35,000 ft of each 6 and 7°/s-in 
material. 

Very careful control of voltage in tungsten-arc 
welding was essential. Variance outside of 17 to 20 
v caused a “suck back” of the molten metal creating 
a concave stringer primarily on the bottom of the 
pipe. It was difficult to convince the welders that 
‘the work had to be performed in accordance with 
these standards rather than the “‘feel’’ of the molten 
metal. The 200-amp machines were replaced with 
300-amp units. The contractor desired to move 
the pipe from station to station. After one joint 
cracked in movement after stringer bead was made, 
he was required to apply a second tungsten-arc pass 
with filler metal. 


Inspection 
Radiography was performed utilizing Iridium 192 
as a source of radiation and extra-fine grain film. 


Great care was exercised in the air-conditioned 
darkroom which had been installed in a 36-ft trailer 
adjacent to the project. Dust and sand from the 
beaches caused a great deal of difficulty when it 
penetrated the film holders and scratched or adhered 
to the film. Processing had to be rapid to render a 
dry film as soon as possible. Final interpretation 
of the radiograph was not made until the film was 
dry. Ambient temperature was another major 
problem. Film in holders had to be kept in the 
shade at all times. 

The 4,672 joints were radiographed, of which 231 
5%) were repaired, 138 (3°) were cut out. Of 
this number, 2105 joints were carbon-moly steel. 
Two hundred fifteen were rejected for porosity, six 
for cracks, seventeen for burn through, three for slag, 
ten for lack of penetration or lack of fusion and 
sixty-one for concave stringer. The 8% rejection 
rate is considered to be good for a project of this 
nature when considering the difficulty of welding 
and the physical conditions at windblown beach. 
The inspection company had found from previous 
projects involving small diameter (4, 6 and 8 in.) 
pipe that the rejection rate is approximately 8°, of 
the welds radiographed under the API Code. Very 
few projects had a lesser rate. Large-inch pipe can 
be expected to have a 3% rejection rate. The de- 
cision as to whether or not a joint would be repaired 
or cut out was made by the owner’s inspectors and 
the radiographic crew chief. A crack was an auto- 
matic cut out. Where cther types of defects 
occurred rather extensively over the length of the 
weld, the joint was removed. Where the defect was 
relatively small and could be ground out, repair was 
allowed. In the event that this joint still contained 
defects below the cap, the joint was removed. 

No mention had been made previously of the 
bell-and-spigot welds on both the 14 and 6°/s-in. 
pipe. When the first weld was made in the labora- 
tory, it was radiographed with the line source of 
radiation—weld at an angle of 45 deg to the pipe. 
The radiograph indicated a dark shadow in the 


4 


Fig. 10—Cross section of bell-and-spigot weld 


middle of the weld. The weld was then examined 
adjacent to the film with the thought that the shadow 


might be caused by the junction of two passes. The 
weld surface was found to be smooth. The weld was 
cut and examined in profile beside the film. The 


shadow was caused by the toe of the weld not ex- 
tending far enough from the throat to provide a 
metal cross section at least equal to the base metal. 
One side of the shadow was relatively straight and 
the other relatively rough. Since the weld was 
uniform, it is believed that the straight line was 
shown as that point where the thickness of weld was 
less than the thickness of the base metal. The rough 
edge very closely coincided with the variaticns at 
the toe of the weld. This is shown in Fig. 10. The 
dotted line on the figure indicates the size that the 
weld should have been. In order to prevent this 
from occurring in production, the desired location of 
the toe of each weld was marked by soapstone. The 
welder then was required to fill the gap. It is 
believed that these findings should also be important 
to repair projects where sleeves or plates are put 
over pipe lines to repair leaks. Without great care 
the fillet weld thickness can be much less than the 
base metal. The weld will appear adequate in 
length primarily due to the weld metal filling the 
washed out shoulder of the base metal. 


The Pull 

After the 6 and 7°/;-in. carbon-moly pipe and 
14-in. bell and spigot had been welded in 2000-ft 
stalks, the 4'/.-in. butt-welded and the 6°/;-in. bell- 
and-spigot Grade B pipe were also welded in 2000-ft 
stalks. Upon completion of the required number of 
stalks, a plug was put on each pipe and pulling was 
commenced. ‘When the 2000 ft had been pulled into 
the Gulf, another section was added with the 6-in. 
carbon-moly pipe welded first, radiographed and 
hydrostatically tested. The 7°/s-in. carbon-moly 
pipe was then similarly handled. The 14-in. bell 
and spigot was welded and magnetic-particle in- 
spected. The 4!/, and 6°/;-in. joints were then 
welded and radiographed. After all joints had been 
approved, the line was then pulled another 2000 ft 
and the procedure repeated (Figs. 11 and 12). 
Prior to commencement of the pulling, a trench 
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was dug in the sand and muck on the Gulf floor. 
With the pipe 4000 ft into the Gulf, hurricane Emma 
moved into the Louisiana Coast approximately 100 
miles west. The equipment was securely anchored 
and the project halted. After the hurricane, the 
pull continued and was successfully completed. 
The inner lines were attached to the casing at 
either end after prestressing. The ends of the casing 
were temporarily anchored after prestressing the 
casing to allow the mud to consolidate, but will op- 
erate without anchors as the resistance of the soil 
permits only nominal movements of the ends, thus 
avoiding the expense of anchors for some 500,000-lb 
force. The connection of the line to the 55-ft eleva- 
tion platform at the mine from the bottom of the 
Gulf required a heavy guided structure of two 24” 


Fig. 1l—Aerial photograph of pipe prepared for launching 


Fig. 12—Final welding station and launching site 


riser pipes to resist the wave forces. The jacket sul- 
phur line and the two outside water lines turn up- 
ward inside these risers, thus are protected from the 
water as well as wave forces. 

The connecting of the 6 to the 7-in. pipe without 
restricting the water flow and staying within the 
14-in. casing involved considerable design study. 
Of course, the 7-in. pipe must be welded to the 14-in. 
pipe in the same location. The pipes are highly 
stressed alternately in tension and compression, 
which required using double sleeves on the pipe to 
attach the 6 radial fins to keep from concentrating 
the strain that would locally overstress the welds. 
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Integrated core panel showing 0.003- to 0.005-in. foil formed into sandwich 


Successful Welding of Foil Gages 


It is more difficult to do quality resistance welding in thin gages than it is in thick 
gages. A knowledge of the problems helps in establishing good welding techniques 


BY G. R. ARCHER 


New designs in airframe and some other fields are 
using sandwich and honeycomb structures. These 
“built-up” structures simulate the effect of thick 
material using very thin gages. Foil gages (0.010-in. 
thick and less) are often used. This type of struc- 
tures gives high strength-to-weight ratios and, when 
used with ferritic alloys, has the capability of reach- 
ing high temperatures. Resistance welding is a very 
desirable technique for the production of these 
assemblies. 

A number of manufacturers have been able to 
obtain excellent results with thin gages in structures 
of this type. However, an extension of the “state of 
the art’? has been necessary. In the process of 
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establishing good welding techniques for use on 
these thin gages, several questions have arisen: 

1. What is the basic difference between welding 
thin and thick gages? 

2. Why does heat control appear to be so sensitive 
on thin gages? 

3. Why does rms instrumentation appear to give 
misleading results when applied to thin-gage weld- 
ing? 

Answers to these questions have been obtained by 
comparing current weiding practice with a calcula- 
tion as to how welds are made for various gages. 
The detailed calculations for the response of various 
gages to heating by conventional single-phase re- 
sistance-welding techniques is covered in another 


paper.* It turns out that the thermal response of 


* This material will appear in a later issue of the Welding Journal 
Research Supplement 
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TIME (IN CYCLES OF 60 CPS FREQUENCY) 


Fig. 1—Time-temperature response for 
0.020-in. stainless steel. No melting considered 


U TEMPERATURE (IN 


PS FREQUENCY) 


Fig. 3—Time-temperature response 
for 0.040-in. stainless steel 


Fig. 4—Time-temperature response for 0.040-in. 
Stainless steel heated toward a higher temperature 
than that described in Fig. 3 


Fig. 2—Time-temperature response for 0.020-in. stainless 
steel with a 1400° C melting temperature considered 


heavy gages is quite different from that of thin gages, 
and the difference in the dynamics of the metal pro- 
duces a profound effect on welding schedules estab- 
lished for thin gages. 


Temperature Response of the Weld 

As an example of how a weld heats up, consider 
0.020-in. thick Type 301 stainless steel welded in a 2- 
sheet pileup. The temperature at the interface 
between the 2 sheets varies with time about as shown 


in Fig. 1. The calculation on which this figure is 
based refers to 60 cps, 100% heat and does not con- 
sider the temperature response going into melting. 
The average final temperature is about 1500° C with 
about 100° C variations around that final tempera- 
ture. These variations reflect the variations of the 
a-c voltage with which the weld is being made. In 
order to melt, temperatures of 1400 to 1600° C 
would be required. Let us assume that melting 
would occur at a temperature of about 1400° C. 
This allows our redrawing Fig. 1 in the form of 


344 | APRIL 1960 


U TEMPERATURE (IN °C.) 


Fig. 5—(a) Response of 0.010-in. heated to same average 
temperature as 0.020-in. stainless steel. (b) Response of 
0.010-in. heated to a lower average temperature 


Fig. 2 to indicate that the dashed line above 1400° C 
is the temperature that would occur without melting. 
The solid line shows that the metal has to go through 
melting before the temperature can rise again. This 
requires energy to form the melt. 

This thickness was chosen as a reference. Note, 
from Figs. 1 and 2, that the temperature would 
settle. The variations around the average tempera- 
ture are not severe. The given welding time of 4 
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Fig. 6—Responses of 0.005-in. stainless steel show that (a) 
heating to same average temperature as 0.020 in. in Fig. 1 
causes high instantaneous temperature; (b) conventional 
practice similar to Fig. 5 (b) for 0.010 in.; and (c) that slight 
decreases in heat can cause loss of melting, i. e., cold welds 


or 5 cycles is adequate to produce a reasonable inter- 
val during which there is available energy (indicated 
by the area between the dashed and solid lines) to 
form the melt. 


Response of Heavy Gages 

Thicker gages respond somewhat differently from 
the example just given. Figure 3 shows a response 
of 0.040-in. Type 301 stainless steel heated toward the 
same average temperature. Four or 5 cycles were 
required for a weld in 0.020-in. material. In heating 
to the same average temperature, a gage twice as 
thick takes about 4 times as long or 16 to 20 cycles. 
Standard practice for welding 0.040-in. material 
however is not to use 16 or 20 cycles, but rather 6 to 8 
cycles. In that period of time, the temperature is 
rising continuously with no evidence of settling at 
the average temperature of 1500° C. We can see, 
from the fact that welds are made in 6 to 8 cycles, 
that the heating is not to the same average tempera- 
ture but to a higher temperature. Figure 4 shows 
heating to a temperature 20°7, higher than the cases 
shown in Figs. 1, 2 and 3. 

By aiming for a temperature 20°, higher, the 
temperature response for 0.040 in. passes through the 
melting point and again produces the interval during 
which the area between the dashed and solid response, 
indicative of melting denotes available power and 
energy to produce the molten nugget that is required. 

It is possible to make the following generalizations 
about the standard practices used for welding heavy 
gages (thickness greater than 0.040 in. in stainless 
steel): 

1. Temperature responses for heavy gages rise 
continuously with time and show no tendencies to 
settle at an average temperature. The temperature 
would settle at,a much higher temperature than 
melting. The development of the weld is then 
forced to occur in the early part of the temperature 
response. 

2. As the melting interval progresses, there is, 
cycle by cycle, more heat and energy available, as 


indicated by the growing distance between the 
supposed (dashed) response and the actual response. 
This has the effect of increasing the probability of 
burning and expulsion as the weld interval pro- 
gresses. 

3. Most important, variations of weld time will 
produce variations in the available energy and power 
for melting and, therefore, for heavy gages, variations 
in weld time produce definite variations in weld 
strength. 


The Temperature Response for Thin Gages 


The calculated response for 0.010-in. Type 301 
stainless steel in a 2-sheet pileup welded similarly to 
that of the 0.020-in. material shown in Fig. 1 gives 
a result as plotted in Fig. 5 (a). The temperature 
response tends to the same average value as was used 
for the reference case of 0.020 in. However, a faster 
response of the thinner material allows the tempera- 
ture response to follow the variations of the a-c 
welding voltage more closely. The oscillations 
around the average value are so large as to allow the 
temperature to cool below the melting point in 
between half cycles and to rise again above the 
melting point for each half cycle. Since 0.010-in. 
material is half as thick as 0.020-in. material, heating 
to the same average temperature takes '/, as long as 
the 0.020-in. material. However, the weld in this 
gage is not performed in '/, of the 4 or 5 cycles 
usually used for 0.020-in. material; 3 cycles are 
normally employed. The fact that the metal can 
respond in 1 to 1'/, cycles is indicated by Fig. 5 (a) 
that shows there are in a 3 cycle weld, 6 separate 
areas (one for each half cycle) where the supposed 
temperature response exceeds the established tem- 
perature of melting. Heating for the thin gages is 
usually less than that used with 0.020-in. To simu- 
late this, Fig. 5 (b) shows heating to a lower average 
temperature that minimizes the excursions of the 
supposed temperatures above the melting tempera- 
ture. This fast-response tendency of thin gages is 
seen more clearly by halving thickness again and 
evaluating the response of 0.005-in. Type 301 stain- 
less steel. Figure 6 (a) shows heating to the same 
average temperature as was used for the 0.020-in. 
material. Figure 6 (b) shows heating comparable to 
Fig. 5 (b) and Fig. 6 (c) shows that a minor reduction 
in heat at this point can cause the oscillations of 
temperature never to reach the melting temperature. 

The following generalizations are then possible for 
thin gage materials (0.010 in. and less thick). 

1. The maximum temperature that would ever be 
attained is usually reached within the first '/» cycle. 

2. A weld forms in the first half cycle and succes- 
sive welds form for each subsequent half cycle (see 
Fig 7). 

3. Variations in time do not produce pronounced 
effects on weld strength. 

4. Variations in heat are extremely important. 
Expulsion, if it occurs, usually occurs on the first or 
second half cycle. 
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Fig. 7—Macrophotograph of a spot weld in 0.006-in. Type 301 stainless steel 


5. Instantaneous, rather than rms values of 
voltage and current, are significant. 


Sensitivity of Heat Control 


Melting temperatures are reached so quickly in 
thin gages, that control of welding by control of the 
duration of the weld heat interval is not possible. 
Control of weld time can be very accurate. Many 
weld controls are referred to as “‘timers.”” In the 
past few years, improvements in the accuracy of 
timing have been made. For thin gages, the proper 
heat setting makes a weld in the first half cycle. Too 
high a heat setting causes expulsion in the first half 
cycle. Too low a heat setting makes no weld on 
the first, or any successive half cycle. 

Proper heat for a weld depends on two things: 
the phase-angle (current) output of the weld control 
and the resistance of the weld. Some process varia- 
tions change weld current even when a conventional 
control gives a consistently phased output. Re- 
actance changes and line voltage changes do this. 
Other process variations change weld resistance. 
These are force, finish and electrode-shape variation. 
Since heat and temperature vary with regard to both 
the controlled setting for current and process varia- 
tions, it is often difficult to find the setting that 
allows variations without erring in either the too-hot 
or too-cold direction. : 

There are advantages and disadvantages to several 
control techniques from the standpoint of quality 
work on thin gages. 


Monopulse Welding Control 

Capacitor discharge and half-cycle welding gain 
high-production rates by using one brief pulse of 
current per weld. Errors in heat input reduce weld 
quality. Unless extreme care is taken to minimize 
process variations, consistent welding is difficult to 
obtain. 


Conventional Single-phase Control 
Fig. 8—Automatic weld control that gives heat As weld times are increased, production rates go 
settings in accordance with voltage-constraint control down but some temporary process variations have a 
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less damaging effect. Great care is still necessary 
to minimize process variations. 


Conventional Control with Upslope 


Raising the weld current to the weld level gradu- 
ally could avoid some temporary process variations, 
but the final current still is subject to process varia- 
tions. 


D-C Control (Rectifier and Frequency 
Converter) 


Conventional d-c techniques offer few advantages 
over single-phase control for thin gages. Since the 
response is nearly complete in the first one-half 
cycle, subsequent d-c heating cannot improve on the 
first choice of heat. 


High-frequency Control 

Raising the frequency of the welding power source 
allows time to be divided into smaller pieces. Sam- 
ple calculations will show that 600 cps allows only 
about a 3:1 reduction of thickness for equivalent 
response. To have 0.002-in. material respond (at a 
high frequency) as 0.020 in. does (at 60 cps) requires 
for the 10:1 thickness ratio 10* or 100 times 60 cps. 
Six thousand cps is not within practical attainment 
at present as a welding source. Gas tubes like 
thyratrons and ignitrons do not turn off reliably at 
higher frequencies. 


Automatic Heat Control 


With the lessened effect of time control, heat con- 
trol becomes more important. Automatic controls 
are available that feed back information about 
process variations to establish correct heat for each 
weld (see Figs. 8 and 9). 

These controls raise the heat from a minimum to 
the correct level during each weld. This corresponds 
to an automatically controlled upslope. The speed 
with which the heat is raised can be arranged to be 
slow enough to feed back information before the weld 
forms and thereby control the weld. A _ possible 
disadvantage occurs in that 3 cycles are usually re- 
quired. Shorter weld times do not usually allow 
enough time for accumulation of information about 
the actual conditions at the weld. 


Alloys and Thicknesses 


Differences in thermal characteristics make the 
generalities mentioned here in regard to foil gages 
(0.010 in. and less) for stainless steel apply at dif- 
ferent thicknesses to other metals. Thermally, 
0.010-in. stainless steel is equivalent in response to 
about 0.040-in. aluminum. Other alloys and thick- 
nesses can be related to these data with proper cal- 
culations. 

Between the extremes of thermal response that 
can be used to define thin and thick gages, there is a 
gradual transition. To a degree, the considerations 
that would be paid to both thin and thick gages are 
necessary. 


Conclusions 

Heavy-gage welding appears to be characterized 
by heat inputs that could cause temperatures far in 
excess of melting. Time control is relied upon to 
terminate the heat when the weld is made. 

Foil-gage welding appears to be influenced more by 
the material’s dynamics. The response is so quick 
as to make time control impossible. Process varia- 
tions that affect heat input are more severe in their 
effects on thin gages. Automatic control of heat 
appears to be a requirement. 


Fig. 9—Automatic control showing individual 
modules slightly withdrawn 
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The Characteristics of Flat Welding Wire 


indicate that a wide variety of bead can be obtained with only a 


slight adjustment of the torch nozzle 


BY VINCENT H. GODFREY 


SYNoPsiIs. Round welding wire can be flattened by 
cold rolling until the most favorable width-to-thickness 
ratio of three-to-one is reached. 

Wire so flattened and used as welding wire, with the 
same welding conditions as for the equivalent round wire, 
has marked directional characteristics: With the width 
parallel to the direction of travel of the welding head, 
great penetration is achieved; with the width perpendic- 
ular to the travel, a very wide flat bead can be laid down 
but still with excellent fusion with the base metal. 

A large flat wire of equivalent area can be substituted 
for the two round wires used in tandem, obviating syn- 
chronizing the feed of the round wires. 

The electrical contact along the whole width is far 
superior to that of the small arc of contact of a round 
wire. 

The slit nozzle holding the flat wire rigidly prevents 
the wire from spiralling or casting as is often the case 
with round wire. The physical properties of the de- 
posited metal with flat wire are as good or better than 
with round wire. The metal deposited is uniformly 
dense and free from porosity. 

Nozzles or welding heads and feed rolls can readily 
be converted or adjusted to handle flat welding wire. 


Foreword 

This investigation of the physical aspect of flat 
welding wire as compared to round wire was initi- 
ated by observation of the arc formed when a flat 
knife-blade switch or circuit breaker was operated. 
The apparently flat arc that ensued, encouraged 
speculation as to what that flat are would do if 
continuous as a welding arc. With this thought in 
mind, a study was made of past patents to see if 
the subject had previously been explored. The 
following patents appeared to be the only pertinent 
ones. 


Patents History 

On Aug. 23, 1932, Patent 1,873,847 was issued to 
S. W. Miller covering a multiplicity of shapes of 
welding wire, of which only Fig. 9, showing an oval 
welding arc, is of interest. Mr. Miller showed his 
oval wire in two positions; long axis parallel to 
direction of welding and long axis perpendicular to 
the direction of welding. The parallel method was 
used for welding the bottom of a vee groove and the 
perpendicular method for welding the top portion. 
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This patent was assigned to Union Carbide and 
Carbon and has now expired. 

In December 1937, Patent 2,102,813 was issued to 
George T. Southgate and by him assigned to the 
Union Carbide and Carbon Co. This patent 
applied to flattened flux-covered welding wire. 
However, the purpose of the flattening was to enable 
the flux coating to adhere to the rounded edges, 
leaving the high spots on each side bare for good 
electrical contact. Nothing in the patent claimed 
any directional potentialities of the arc or control 
of weld metal as regards depth of penetration or 
width of bead. This patent has now expired. 


Program 

Further consideration of this matter of flattened 
welding wire, particularly for inert-gas or submerged- 
arc welding, led to the initiation of a research pro- 
gram on flat-wire welding in the author’s plant, 
where samples of flattened wire of any size were 
readily available in small quantities. From the 
start, the program showed great promise, and, 
using semiautomatic CO.-shielded arc welding, it 
was soon determined that the optimum ratio of 
width to thickness lay somewhere between 2.8 
and 3.1 to 1. It was also determined that the same 
current and voltage settings, speed of wire feed and 
flow of shielding gas could be used as for the equiv- 
alent cross-sectional area of round wire. This 
research was later extended to include submerged- 
arc welding with practically the same results. 


Details 


From these premises, a complete study of a mild- 
steel wire, specially deoxidized for CO, welding was 
made; using first the '/,,-in. diam round wire 
flattened to 0.094 x 0.034 in. and, later, a 0.035- 
in. diam round wire flattened to 0.054 x 0.018 in. 
The contact tip of the welding head was flattened to 
give a slot 0.036 x 0.097 in. With slight adjust- 
ment, the knurled feeding rolls gripped the flat 
wire perfectly. The flow of wire through the 
nozzle was absolutely uniform and constant, even 
better than with round wire. 

The electrical contact at the slotted tip was far 
better than with round wire where only a small arc 
of the circumference of the wire was in contact at 
any instant of time, whereas the entire width of the 
flat wire made a steady contact continuously. The 
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Fig. 1—Contour of weld beads deposited with flat wire. 
© A and C, 0.034 x 0.94 in. Band D, 0.018 x 0.054 in. 


arc itself was flat and approximated the cross- 
section of the wire, tending to broom out slightly 
at each end of the long axis. It is postulated that 
the visual arc appearing flat was actually a suc- 
cession of fine round arcs moving rapidly from end 
to end of the long axis of the weld wire as, in turn, 


Fig. 2—Surface appearance of weld beads 
deposited with flat wire. A and C, 0.034 
short sections of the wire, becoming the nearest to x 0.094 in. Band D. 0.018 x 0.054in. 


the base metal, were consumed in the are which then 
instantaneously was transferred to the next section 
nearest to the base metal. These transferences 
occurred so rapidly that the visual appearance was 


that of a flat arc. ' 


The are was steady and, it is believed, tended to 
travel rapidly from one end of the long axis to the 
other and back again, agitating the pool of molten 
metal and scavenging it of all impurities. The | 
directional properties of the metal through the arc 
were excellent. With the long axis of the wire 
perpendicular to the direction of travel along the 
work, a wide, flat bead (up to */, in.) was laid down 
with perfect fusion (see C and D, Figs. 1 and 2). Fig. 3—Sequence of weld beads deposited with flat wire 


Fig. 4—Standard 0.505-in. diam test specimen longitudinal 
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With the long axis parallel to the line of travel, 
deep penetration was obtained and, in every case 
dense solid metal was deposited (see A and B, Figs. 
1 and 2). Weld beads A and C were laid down 
with 0.094- x 0.034-in. wire, and weld beads B, and D 
with 0.054- x 0.018-in. wire ('/,, in. round and 
0.035 in. round equivalents). By inclining the 
long axis at a suitable angle to the direction of 
travel, any desired combination of width of bead 
and penetration could be obtained without weaving 
or other manipulation. 


Physical Aspects 

A typical all-weld-metal specimen was made in 
five passes (Fig. 3). The first pass was deposited 
with the long axis parallel to the travel of the welding 
head. The angle for each successive pass was 
increased until the fifth pass was perpendicular to 
the line of travel. Other welding conditions were: 
voltage, 30 v; current, 320 amp: CO, gas flow, 
35 cfh; wire feed, 320 ipm; and plate, */,-in. 
thick 1015 steel. The arc was extremely steady, 
there was very little spatter and the whole opera- 
tion was smooth and even. Standard 0.505-in. 
test specimens (see Figs. 4 and 5) gave the following 
physical properties: ultimate tensile strength, 75,- 


Fig. 5—-Standard 0.505-in. diam test specimen 
transverse fracture 
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000 psi; yield point, 56,800 psi; elongation in 2 
in., 34%; appearance of fracture, silky, no porosity 
or inclusions. Normal elongation for CO.-shielded 
arc welds in this type steel is 26%; so, the higher 
elongation obtained in this case is very interesting. 
It may be due to the scavenging action of the 
rapidly fluctuating arc. 


Summary 

Flat welding wire can be produced at a cost approx- 
imately 15% higher than equivalent cross-sectional 
area round wire. This is insignificant when the 
other costs that go into a complete weldment 
are considered as well as the flexibility and wide 
variety of bead obtainable with only slight and 
easy adjustment of the nozzle. The entire welding 
operation is far superior to that using round wire. 
The electrical contacts and welding arc are better 
and, for that reason, the deposition of weld metal is 
more uniform; the spatter is decreased, and the 
deposited metal is of the highest quality. The 
characteristic shape of the deposited metal can be 
controlled at will and, once set, will remain constant 
for any desired penetration or width of bead. For 
hard surfacing or build-up work, the wide flat 
bead with excellent fusion is ideal, decreasing welding 
time and practically eliminating machining or 
grinding. 

For submerged-arc welding, where tandem beads 
are used with two separate round wires, a single 
flat wire, with cross-sectional area equal to the 
areas of the two round wires, is far superior as the 
problem of synchronizing the rate of feed of the two 
round wires is eliminated. Also, by positioning 
the slotted welding nozzle, any desired width or 
penetration can be obtained. There is no wandering 
of the arc due to wire spiralling or casting as it 
comes out of the nozzle. The flat wire is constrained 
by the slot and cannot spiral or twist; hence, the 
arc is consistently held to the line of travel. 

Very little trouble is normally encountered in 
adapting existing welding heads to use the flat 
welding wire. Often, all that is required is the 
flattening and possibly slitting of a welding tip 
and the adjusting of the feed rolls to accept the flat 
surfaces, which are thinner than the equivalent round 
wires. Either fully automatic or semiautomatic 
welding can be used with flattened welding wire. 
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Profiling of 
sprocket Segments 
with the Electronic 
Oxygen-Cutting 
Machine 


Fig. 1—Photoelectric line 
tracer follows the pencil drawing . 
of a sprocket segment 


By converting one of its 6- by 12-ft automatic oxy- 
gen-cutting machines to modern electronic line 
tracing (Fig. 1), the Pershing Road Plant of Link- 
Belt Co., Chicago, has been able to accomplish such 
precision in profiling sprocket segments (and other 
parts for specially engineered heavy conveying and 
material-handling equipment) that: (a) it has re- 
duced rejects radically; (6) it can hold chord dimen- 
sions and pitch diameters within ' ;. and '/, in., re- 
spectively; (c) it can produce many parts which the 
firm previously had to buy from job shops with special 
equipment; (d) it can oxygen cut certain sprockets 
which previously had to be milled to contour; (e) it 
can produce master “‘cams’’ by pencil draftsmanship 
in less than one-fourth the time it used to require for 
making cut-steel templates and (f) it can save an 
enormous amount of loft space for template storage. 


At the Pershing Road plant, sprocket segments of 


Based on a story by the National Cylinder Gas, Division of Chemetron 
Corp., Chicago, Ill. 


> /.- to 1'/,-in. thick steel, with 5 to 14 teeth per 120- 
deg segment, and radii from 36 to 52 in., must all be 


held to tolerances of '/;. in. at the sprocket rim in 
any direction. The tricks-of-the-trade which make 
it possible are: 

1. Tracing-cams (precision patterns drawn in 
pencil on heavy plastic-impregnated drawing paper, 
with lines 0.020 to 0.040 in. in thickness) are checked 
between reference points (in both directions) with a 
steel rule every time they are set under the hold- 
down magnets on the cutting-machine table. Any 
shrinkage or expansion (from moisture) is corrected 
by processing the drawing before lighting a torch. 

2. Cutting-tip size is marked in red right on the 
tracer-cam drawing so that the operator can be sure 
he has the right tip for the job. He double-checks 
his torches for squareness and tip-port condition. 

3. Starting holes are burned in with a hand torch 
so that cutting tips are as perfect as possible at the 
beginning of work, and there is minimum chance of 
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Fig. 2—Hot, cut parts are laid out on the floor to cool. Parts 
are laid out separately because, when stacked, the rate of 
cooling is sufficiently nonuniform to cause distortion of some 


have been cut 


slag from molten puddles jumping back onto the 
tips. 

4. Sprocket teeth are always cut first and the hub 
circumference last, to eliminate possible shifting of 
the part during cutting the tooth line (as might occur 
if the part were all cut out except for the teeth at this 
point). Even so, little steel wedges (to maintain 
kerf width all along the cut) are inserted along the 
tooth line to insure tolerances of the final cut along 
the hub line. 

5. Hot parts are laid out separately on the floor to 
cool as in Fig. 2. It was found that when freshly cut 
sprocket segments were stacked, 20 high, the rate of 
cooling was sufficiently nonuniform that the middle 
five were quite likely to be rejected as the result of 
thermal distortion during pack cooling. 

6. Scrupulous cleanliness before cutting (to re- 
duce rejects) is made the responsibility of the opera- 


Poth of 
of torch 


a b 


Fig. 3—(a) If kerf is */;, in. wide and drawn radius is */.-in., 
the cut corner will be perfectly sharp. (b) Where stock is 
light and excess heat at corner might be a problem, a sharp 
corner is attained by making the turn in reverse 


Fig. 4—Over-all view of electronically controlled oxygen-cutting machine and plate from which sprocket segments 
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Locating stop 


Fig. 5—Sharp corners of sprocket legs must meet the stop 
precisely to locate the chain pin or roller. Electronic line 
tracer holds the '/..-in. radius specification and no additional 
machining is required 


tor (since the automatic cutting machine in this case 
is not isolated, but located among other heavy ma- 
chining, welding and fabricating tools). The oper- 
tor’s setup time allowance, without intrusion upon 
the cutting and handling time during which he may 
qualify for the incentive pay rate, is important to 
cleanliness. 

7. Incentive rate is not granted on rework, 
sponsoring great desire on the part of operators to 
produce perfect work on every cut. Even the most 
precise machine tool and procedure has no chance of 
success without a diligent operator. 


Sharp Corners 

One of the great advantages of electronic line trac- 
ing over predecessor methods——principally the classic 
‘/.-in. follower riding along conventional vertical 
steel template strips— is the fine detail which can be 
accomplished. Sharp corners (within a maximum 
radius of '/,. in.) can be held under almost any cut- 
ting circumstance. 

As a matter of fact, absolutely sharp corners can 
be obtained even though the sharpest corner per- 
missible in the pencil drawing of the tracer-cam is a 
3/3. in. radius. Figure 3a shows that if the kerf is 
3/1, in wide, and the centerline of the torch precisely 
follows a drawn radius of */;, in., the cut corner will 
be perfectly sharp. Where stock is relatively light 
and the excess heat at a corner (due to torch-dwell 
and two-side heating) while rounding the corner 
might be a factor, a common technique is to sweep 


past the corner on one side, make the turn in reverse 
and cut across the previous kerf for absolute sharp- 
ness (Fig. 3b). 

A fine example of sharp cornering is a heavy-duty 
1'/;-in. thick sprocket with five legs (as shown in 
Fig. 5), which, in service, requires that each sprocket 
leg meet a stop at the sharp corner precisely to locate 
the chain pin or roller which rides in the valley of 
that sprocket leg. A specification of '/;. in. maxi- 
mum radius is now met, all machining has been 
eliminated, and the chain wear in this mechanism 
attributable to variation in sprocket tooth spacing 
has been sharply reduced. 

Sharp edges are often important for reasons other 
than mechanism function. When an assembly weld, 
for example, is to be made to join parts held in lo- 
cating fixtures, consistently sharp corners on the 
parts are sometimes important. Corners are also 
often important when they are used to locate a part 
for precision drilling or boring. 


Economics 

The saving accomplished by conversion to elec- 
tronic line tracing at the Pershing Road Plant has 
several roots. 

Most significant is the ability to make parts which 
previously had to be purchased from job shops with 
special tools. Scarcely less important is the fact that 
patterns can be drawn in one-quarter of the time it 
takes to fabricate a steel template. Much less 
costly template materials are involved, and a draw- 
ing lasts for a minimum of 60 to 80 oxygen-cut pieces. 
A technique for extending the life of drawings is fre- 
quently to use a draftsman’s eraser to clean up 
smudges (where the rollers of the tracer unit may re- 
peatedly cross drawing lines). 

It is also possible, and common, to make simple 
changes in a drawing (adding a hole, eliminating a 
hole, incorporating a key or altering a corner 
which in metal would require a completely new tem- 
plate. 

The plastic-paper drawings can be stored and 
handled more easily and in much less space. Tem- 
plate lofts are now being converted to production 
uses. The magnetic hold-downs (shown in Fig. 1) 
are 2-in. diam magnets housed in heavy aluminum on 
the sides and top. In the inverted position, the 
aluminum top serves to space the magnet far enough 
above the table to reduce the magnetic attraction to 
little or nothing, and the hold-downs can be easily 
moved (as mere paperweights) until they are turned 
over for the strong clamping action of magnetic 
force. 

The limits of precision are now (1) the limit of 
precision of mechanical drawing on the paper tem- 
plate, and (2) the cleanliness and proper size of cut- 
ting tip. An incidental but not-to-be-neglected 
benefit of the electronic line tracing is that complete 
instructions from designer to operator and all manner 
of specification and shop coding information can now 
be incorporated in red ink or red pencil on the draw- 


ings. 
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cutting machine with unlimited capacity! 


Never before has any shape-cutting machine come so 
close to complete automation. The OXWELD CM-60 will 
reproduce thousands of metal parts from a simple exact- 
size pencil or ink drawing on ordinary paper. It requires 
only one operator, working at a single, centrally located 
control panel. Powered by a co-ordinate drive system the 
CM-60 is readily adaptable to all present and future 
methods of control including ratio cutting and punched or 
magnetic tape. Standard models are equipped with up to 
10 torches to handle work up to 10 ft. wide. But capacity 
of the CM-60 is unlimited. Models can be made to cut 
greater widths. The length of sections that can be cut is 
limited only by the length of track used. 


Complete fingertip control—Ignition, preheat, cut- 
ting oxygen, height adjustment of the torches, movement 
of the carriages, positioning of the tracer...every action 
can be controlled by flicking a switch or turning a dial. 
Remotely operated ignitors on each torch light preheat 
flames simultaneously. Piercing of plate is simplified by 


a unique pilot valve on the panel which turns on the cut- 
ting oxygen slowly and gradually to start a cut or pierce 
a hole. Gases are shut off automatically when cutting 
operations stop for any reason. 

Superior construction features—The co-ordinate 
drive type CM-60 has power to spare. Each carriage has 
two individual motors—a high speed motor for position- 
ing and a co-ordinate drive motor for accurate positive 
cutting. The co-ordinate drive motors are directed by a 
sine-cosine potentiometer. Only premium quality, durable 
materials are used throughout. Weight of the CM-60 on 
the guide tracks is borne at only three points so that the 
frame won't twist. 

Get full details on the OXWELD CM-60 shape-cutting 
machine from your local LINDE office. Or, write Linde 
Company, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y. In Canada: Linde 
Company, Division of Union Carbide Canada Limited, 
Toronto 7, Ontario. 


LINDE 
COMPANY 


Follows a pencil drawing...First and only tracer with buiit-in 
kerf adjustment —The photocell tracer never contacts the tracing 
table. There is no damage to drawings. You can use simple pencil or 
ink drawings, completely eliminating templates and their storage 
problems. In most shops this saving alone will pay for the new 
tracer in less than a year. Tracer accuracy is excellent — within 
~.005 inch. Kerf widths up to % in. can be easily adjusted for on 
the tracer. Drawing can be simply traced from engineering prints 
of the desired shape. 


Any deviation in plate surface 
level is instantly sensed by an au- 
tomatic height adjustment control 
unit. If there is any deviation in 
the plate surface the motorized 
torch holders react instantly, au- 
tomatically lowering or raising the 
torch to compensate for the devia- 
tion. Cutting oxygen is automati- 
cally controlled by quick-acting 
solenoid valves on each torch to 
eliminate gouging after the cut is 
complete. 


Linde,”’ ""Oxweld"™ and ‘Union Carbide" are registered trade-marks of Union Carbide Corporation. 


For details, circle No. 89 on Reader Information Card 
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Fig. 1—Four-inch extruded aluminum pipe used in new 
natural-gas line is shown being joined with aluminum 
fittings by inert-gas-shielded tungsten-arc welding method 


Fig. 2—Portion of gas company’s dual metering system 
shows tie-in of aluminum pipe (left) to 
steel pipe at insulated flange 


Fig. 3—Single-rope load sling is shown lifting 30-ft fabricated 
section of 10-in. diam pipe 


Gas-Shielded Arc Welding 
Aids Fabrication of 
Aluminum Pipe Line 


An aluminum natural-gas line has been installed at a 
plant in Baton Rouge, La., using over 1600 ft of 
seamless pipe ranging in diameter from 4 to 14 in. 

The above-ground line, serving an alumina plant 
operated by Kaiser Aluminum & Chemical Corp., is 
designed to deliver 50 million cubic feet of natural 
gas daily. From supply header to pressure-reducing 
station, the working pressure is maintained at 250 to 
300 psig although the high pressure 10-in. aluminum 
pipe was hydrostatically tested to 750 psig for 2 hr 
immediately after completion of the installation. 

In fabricating the line, the contractor, H. E. 
Wiese, Inc., of Baton Rouge, used both inert-gas- 
shielded tungsten-arc (see Fig. 1) and inert-gas- 
shielded metal-arc welding methods. The welders 
were trained and qualified in both methods to take 
advantage of the greater speed of the gas metal-arc 
process in readily accessible locations and the easier 
handling of gas tungsten-arc welding equipment in 
close quarters. All low- and high-pressure pipe used 
was extruded from aluminum alloy 6061-T6. 

The buried steel pipe line which formerly served 
the plant with gas had been exposed during excava- 
tion revealing severe corrosion. In designing the 
new aluminum line, it was decided to construct it 
above ground because of the presence of complex 
underground installations and major plant streets 
(see Fig 2). Light weight involved made fabricated 
sections easy to handle (see Fig. 3) 


Based on a story by Kaiser Aluminum, Oakland, Calif. 
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Record-Breaking Attendance 
Is Expected at the 41st Annual Meeting and Exposition 


Previous attendance records are 
expected to be broken at the forth- 
coming 41st Annual Meeting and 
Exposition to be held April 25-29, at 
the Biltmore Hotel, Los Angeles, 
Calif. This estimate is based on a 
comparison of present hotel reserva- 
tion figures with those of former 
years. Also the demand for floor 
space at the Great Western Exhibit 


Center has necessitated an addition 
to the exhibit area previously not 
considered. 

The increased popular appeal is 
indicative of the growing interest 
centered in the extraordinary tech- 
nological rise of the welding industry 
and of the closely knit membership 
support given to the activities of 
the Society. 


SOUTH GALERIA 


EXHIBIT MATERIAL ENTRANCE 


= 


Biltmore Theatre 


FIFTH STREET 


OUVE STREET 


Galeria floor plan showing layout of meeting rooms at the Biltmore Hotel, Los Angeles, 
which will be the scene of the technical-papers sessions and other activities of the 


41st Annual Meeting. 


Technical Papers 


The outstanding feature of the 
five-day meeting from an educa- 
tional, technical and membership 
point of view is the presentation in 
23 separate sessions of a total of 69 
papers on varied subjects of welding. 
A maximum variety of choice is 
offered to those attending, in that 
practically every major field of 
welding will be covered, along with 
original presentations into new fron- 
tiers of research and application. 
This year, four sessions will be 
sponsored by the American Society 
of Mechanical Engineers. This val- 
uable educational program will stem 
from individuals in many different 
types of organizations—equipment 
manufacturers, fabricators, govern- 
ment facilities, research organiza- 
tions and universities. 


Adams Lecture 


Traditionally the highlight among 
the technical papers to be presented, 
the Adams Lecture is an honor con- 
ferred by the SocrETY upon an out- 
standing engineer or _ scientist. 
Singled out for the award this year 
is Robert D. Stout, head of the de- 
partment of metallurgy, Lehigh 
University. Dr. Stout, one of the 
leading investigators in the field of 
welding metallurgy, has selected as 
his topic what is probably one of 
the most significant trends in the 
welding industry today—‘‘Higher 
Strength Steels for Welded Struc 
tures.”” An important step in the 
practical and economical use of 
higher design stresses, the original 
researches made at Lehigh bring 
valuable information to the welding 
engineer. 


Welding Exposition 

The welding show to be held at 
the Great Western Exhibit Center, 
April 26—28, is a gigantic educational 
event all in itself. Reflecting the 
exceptional growth and_ techno- 
logical development in the welding 
industry, this year’s exhibit is ex- 
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pected to surpass all previous rec- 
ords. A comprehensive variety of 
equipment will be placed on view by 
over 115 firms representing in- 
terests from here and abroad. 
Many live demonstrations will be 
made and new processes and equip- 
ment will be revealed for the first 
time. A concentrated  single-in- 
dustry participation of such large 
proportions makes this show unique 
in its appeal to exhibitor and spec- 
tator alike. During the show, Los 
Angeles will truly become America’s 
market place of welding. 


Panel on Maintenance 


As an added sidelight to the Ex- 
position, an important panel discus- 
sion on practical maintenance prob- 
lems and solutions will be given on 
Wednesday, April 27th, from 2:30 
to 4:30 P.M., at the Exhibit Center. 
Representatives from five leading 
industrial firms will present their 
views and practical know-how on 
this subject, so highly important to 
industry. 


Ladies’ Program 


An exceptional ladies’ program 
has been arranged—one which could 
be scheduled only in the fabulous 
Los Angeles area including Holly- 
wood, Beverly Hills and Disneyland. 
As usual, a headquarters and lounge 
will be set aside for the exclusive use 
of the ladies during the week—this 
time in Conference Room No. 10. 
From here the ladies will set forth 
each day on their scheduled round of 
tours. 


The original program has been 
slightly revised to accomodate a 
more interesting range of the many 
points of interest. On Monday, 
April 25th, a tour of TV-Movie 
studios, La Brea Pits, Hollywood 
and Beverly Hills will be followed by 
luncheon at Farmers Market. Fur- 
ther visits during the week will be 
to Marineland, Huntington Hotel, 
Huntington Museum and Library, 
the Santa Anita Arboretum and 
Disneyland. Friday is open for 
personal choice. 


Social Events 


The annual President’s Reception 
will be held on Monday in the 
Galeria Room where President C. I. 
MacGuffie and the officers and their 
wives will greet members of the So- 
CIETY and renew old acquaintances. 
This will be followed in the evening 
by the Banquet starting at 8 P.M. 
A famous master of ceremonies, Don 
Rice, and Jack Benny’s favorite 
quartet, ‘““The Sportsmen,” will take 
over the entertainment. This affair 
should offer relaxation and enjoy- 
ment. There will be no main 
speaker. 


Plant Tours 


Affording both social and educa- 
tional opportunities, plant tours 
have been arranged for Wednesday 
and Thursday, April 27-28. Each 
day, two visits will be made. Two 
Los Angeles plants of the U. S. 
Consolidated Steel Division of the 
United States Steel Co. will be 
visited ononeday. The other visits 
will be to Airline Welding and Engi- 


AWS DIRECTORS-AT-LARGE 


1960 1961 


Term Expires 


1962 


Rememtber! ... 
April is Welded 
Products Month 


neering, and the McCulloch Motors 
Corp. 

Other features, together with a 
detailed schedule of events, times, 
places, speakers names and subjects 
appear on pages 363-369 of this 
issue. 


Welcome 


e Sustaining Members 
Effective Nov. 1, 1959: 


Tennessee Eastman Co. 
Kingsport, Tenn. 


A division of Eastman Kodak Co., 
Rochester, N. Y., this company 
manufactures a wide variety of 
organic and inorganic chemicals in- 
cluding cellulose esters, acetate fi- 
bers, Tenite plastics, Verel moda- 
crylic fibers, Kodel polyester fibers; 
aliphatic and aromatic chemicals; 
also gum inhibitors, antioxidants, 
acetate and polyester dyes, plasti- 
cizers and dyes. Products are mar- 
keted through Eastman Chemical 
Products Co. 

Mr. James Myers, Jr., is the 
Sustaining Member representative. 


Effective Dec. 1, 1959: 


Calumet Welders Supply, Inc. 
1122 Virginia St., Gary, Ind. 


This company handles a complete 
line of Airco gases, cutting and 
welding equipment, supplies, arc- 


Jay Bland 

F. G. Singleton 
C. B. Smith 

J. R. Stitt 


F. Deffenbaugh A. A. Holzbaur 
E. Pearson D. B. Howard 
M. Styer C. E. 
JL 


J. welding machines and accessories. 
A Operating in the Calumet region 
C consisting of the northwestern part 
of Indiana and the southeastern 
sections of Chicago and Cook Co., 
Ill., Calumet Welders Supply, Inc., 
has three trained field men qualified 
to give technical assistance on all 
problems arising in connection with 
the use of their equipment. 

In addition, a complete line of 
safety equipment and eye protection 
is offered. 

Edward Boersma is the Sustaining 


Member representative. 
Effective Feb. 1, 1960: 


The Chrysler Corp. 
PO Box 1919, Detroit 31, Mich. 


The Chrysler Corp. is principally 


Jackson 
. L. York 


AWS DISTRICT DIRECTORS 


G. W. Kirkley 

E. E. Goehringer 
J. W. Kehoe 

E. C. Miller 

H. E. Schultz 


District No. 6eCentral 
District No. 7 eWest Central 
District No. 8eMidwest 
District No. 9eSouthwest 
District No. 10eWestern 
District No. 11 eNorthwest 


District No. leNew England 
District No. 2eMiddle Eastern 
District No. 3eNorth Central 
District No. 4eSoutheast 
District No. 5eEast Central 


AWS PAST-PRESIDENT DIRECTORS 
J. J. Chyle G. 0. Hoglund C. P. Sander 


358 | APRIL 1960 


f 
an 
Vas 
e 
| 
? 


a manufacturer of automotive prod- 
ucts; the Plymouth, Dodge, Chrys- 
ler, Imperial, Valiant and Dodge 
Trucks, with an interest in the 
French Simca. However, Chrysler’s 
business is diversified in that they 
also manufacture powdered metals, 
chemical compounds, air condition- 
ing. and heating and cooling, marine 
and industrial engines, parts and 
accessories and defense products. 

J. M. Callison is the Sustaining 
Member representative. 


Dear Mr. Rossi: 
Subject: Welding Codes 

Much has been written concerning 
welding codes and _ specifications 
which has stimulated my thinking on 
the subject. Therefore, I offer a few 
comments as a result of my observa- 
tions and experiences. 

Basically, we all realize that a 
welding code is necessary. The code 
has cognitive value. It sets forth 
artistic and scientific knowledge. 
The code is the technical language 
about welding as a result of a long 
process of refinement and of in- 
creasing precision. Progressively, 
the code also eliminates the ir- 
relevant aspects of welding tech- 
nology. We know that the code 
does permit some standardization 
and standardizations do trim costs. 
Yet, one has to improve in order to 
meet and beat competition. 

It is believed that an industry- 
wide code must contain some non- 
specific, general language. This vir- 
tue makes possible an adequate 
power for the production of an im- 
provement in an individual effort. 
Various interpretations can be made 
of the general language so that the 
code is not static. The independent 
interpretations can be made as the 
engineering requirements change, 
and consequently, the interpreta- 
tions can be adjustable to individual 
circumstances. 


Very truly yours 

W. B. KEYSER 
Metallurgy Department 
Goodyear Atomic Corp. 
Portsmouth, Ohio 
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you know the femperature! 


THERMOMELT 


MARKAL CO 


SEE US AT THE 
WELDING SOCIETY 
EXPOSITION BOOTH 608 


the easy modern way to determine 
exact working temperatures! 


Just mark or stroke the surface with THERMOMELT... 
when it reaches the desired temperature, the mark liquefies. 
There’s no guesswork, no wasted time or material... 
THERMOMELT is the quick, precise way to determine 
heating temperatures. Accurate to within +1%. 


A STIK FOR EVERY TEMPERATURE from 113°F. to 2000°F. 


ALSO AVAILABLE IN LIQUIDS AND PELLETS (for inaccessible 


| a of AD res 
or hard-to-measure applications. Wide range of temperatures. 


Send today for free THERMOMELT literature and pellet 
sample (indicate temperature desired). 


MADE BY THE MANUFACTURERS OF MARKAL PAINTSTIK MARKERS 
AND PROTECTIVE COATINGS 


MARKAL COMPA NY... West Carroll Avenue, Chicago 12, Illinois 


For details, circle No. 88 on Reader Information Card 
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@ Welded Products Month, Annual 
Meeting, Welding Exposition, Mid- 
Pacific Conference—April _ brings 
‘ all of these great events—giving 
AWS members and their ladies an 
outstanding opportunity to par- 
ticipate in social, recreational, educa- 
tional and technical activities with 
friends and associates from all parts 
of the United States and many for- 
eign countries—for the first time in 
California and Hawaii. 


e@ As these notes are being written 
more than two months before the 
April 25th opening of the Annual 
Meeting in Los Angeles, 819 indi- 
viduals (including 116 ladies) have 
already reserved 597 hotel rooms at 
the Biltmore, Statler and other 
hotels. Space reservations for the 
welding exposition in the Great 
Western Exhibit Center are 10% 
greater than the total space used for 
the 1959 Chicago exposition. Addi- 
tional space has been reserved to 
provide for this increase and for the 
greatly expanded welded-products 
exhibit which is being organized by 
the AWS Los Angeles Section. Res- 
ervations for the trip to Hawaii 
continue to mount, insuring success 
for the Mid-Pacific Conference. 
(See tentative program in this issue.) 


@ The Los Angeles convention ac- 
tivities are being organized under the 
able direction of Past-president C.P. 
Sander and Section Chairman R. C. 
Hayes with officers and members 
Collin, Elmer, Frick, Hickman, 
McCorkle, McGinley, O’Connor, 
Ross, Soyars, Thompson, West and 
Williams serving as chairman of 
banquet, reception, plant tour, 
Ladies’ entertainment, meeting and 
other committees. 


e in Honolulu J. F. Stacy, who is 
chairman of an activation committee 
for a new AWS Hawaii Section, will 
be in charge of local arrangements 
including inspection of welding 
shops at Pearl Harbor and at one of 
the major sugar mills. District 
Director C. B. Robinson together 
with President-elect R. D. Thomas, 
Jr., Vice-president-elect J. H. Blank- 
enbuehler and their wives will lead 
the party of AWS members and their 
ladies as they fly by jet airlines to 
Hawaii for a gay adventure in this 
fabulous new state. 


e@ AWS national meetings and expo- 
sitions make available to members a 
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unique combination of technical and 
educational meetings; demonstra- 
tions of the newest and best equip- 
ment, processes and supplies for 
welded fabrication; contacts with 
the leading scientists, engineers, 
production managers and equipment 
manufacturers; visits to plants to 
observe interesting welded work in 
progress; assistance in the recogni- 
tion of those who have contributed 
significantly to the advancement of 
welding; and participation in a 
variety of informal social events. 
Taking part in such activities must 
inevitably increase your ability to 
design and produce economical, 
safe and useful welded products. 
Attend these events for your own 
advancement. 


e@ Late January visitors with your 
Secretary included Director C. B. 
Smith of Los Angeles, Paul Hickman 
who is active in the Richmond Sec- 
tion, Secretary B. S. Payne, Jr., of 
the Rochester Section, Horace Jack- 
son of Denver and Chairman Bill 
Duncklee of the Hartford Section, 
who presented a check boosting the 
gifts for that group to the new Engi- 
neering Center well over their official 
goal. 


e@ On January 28th your Tellers 
Committee consisting of K. W. 
Berry, H. D. Landis and A. V. 
Thoren met to canvass the three 
thousand nomination ballots re- 
turned by members covering presi- 
dent, three vice-presidents, four 
directors-at-large, four district di- 
rectors and eleven members of the 
nominating committee for the 1960-— 
61 fiscal year. No “‘write-in’’ nomi- 
nees received more than two or three 
votes and all official nominating 
committee nominees were declared 
elected. 


e@ This same day the PVRC Execu- 
tive Committee met with Chairman 
I. E. Boberg presiding and WRC 
Directors Spraragen and Koopman 
assisting Division Chairmen J. N. 
Downs, A. L. Lytle and N. G. 
Schreiner in their reports covering 
the many research projects now being 
conducted by this group. 


@ Following conversations on Janu- 
ary 26th with George Linnert of 
Armco about a revision of ““Weld- 
ing Metallurgy,” Acting Director 
Hess of ASTM about joint technical 
activities, President-elect Dave 


by Fred L. Plummer 


Thomas about 1960-61 Society ac- 
tivities and a _ representative of 
Arthur D. Little about technical 
problems, your Secretary had an 
interesting conference with Past- 
president J. H. Humberstone which 
covered several important activities 
including investment of reserve 
funds, headquarters planning, talks 
before technical and management 
groups, and a consideration of man- 
ufacturing activities in European 
countries. 


e@ Former AWS Technical Secretary 
Si Greenberg, who has been associ- 
ated with a division of Westinghouse 
Electric Co. during the past three 
years, joined the staff of Eutectic 
Welding Alloys Corp. on February 
lst. Your Secretary had the pleas- 
ure of lunching with Eutectic Presi- 
dent Rene Wasserman and R. H. 
Groman on February 4th, and learn- 
ing of the recruiting of a large 
research and development staff 
and the construction of rolling-mill 
facilities in Switzerland as part of 
the world-wide activities of this 
aggressive organization. 


@ The following day your Secretary 
lunched with President MacGuffie in 
Elizabeth and then spent the after- 
noon at his office in the Airco plant 
at Union, N. J., discussing current 
AWS activities and proposed proj- 
ects. A short tour of the extensive 
development and manufacturing fa- 
cilities also provided an opportunity 
to greet Past-president J. J. Crowe, 
and other associates of President 
MacGuffie including Ken Hamilton, 
R. W. Tuthill and John Berryman. 


@ February 9th and 10th were 
devoted to an initial meeting of the 
newly reorganized Welding Section 
of the American Ordnance Assn. at 
the Watertown Arsenal with a wel- 
come by Colonel C. E. Rust and an 
address by General O. E. Hurlbut, 
Commanding General, Ordnance 
Weapons Command. Representa- 
tives of Frankford, Watervliet and 
Watertown Arsenals, the Army 
Ballistic Missile Agency and the 
Ordnance Tank-Automotive Com- 
mand discussed current develop- 
ment programs and outlined critical 
problems at five sessions directed by 
Chairman Harry Ingram and Tech- 
nical Chairman C. E. Hartbower. 
The sixth and seventh sessions were 
devoted to presentations by industry 
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representatives followed by discus- 
sion and summation. Active par- 
ticipants included AWS Past-presi- 
dent J. J. Chyle, Vice-president- 
elect C. E. Jackson, Director G. W. 
Kirkley, TAC Vice-chairman F. W. 
Hussey, Philadelphia Section Chair- 
man E. P. Iapalucci and many other 
active AWS, IIW and PVRC mem- 
bers. 


e@ February 17th started with an 
early train ride to Philadelphia 
where your Secretary spent the day 
at the Union League Club with 
President-elect R. D. Thomas, Jr., 
discussing some twenty different 
AWS problems including new ac- 
tivities, new committees, key ap- 
pointments, speaking engagements 
and other activities for the months 
ahead. 

e A late afternoon train and local 
transportation brought your Secre- 
tary to the Plaza Hotel in Jersey 
City for a dinner meeting highlight- 
ing a four-day Engineering Forum 
for welding fabricators organized by 
the International Nickel Co. En- 
thusiastic reports of those in attend- 
ance indicated keen interest in the 
discussions led by G. R. Linnert, 
R. P. Culbertson, Tom Armstrong, 
Ken Spicer and others. Company 
officials at the speaker’s table in- 
cluded Keith Millis, W. F. Burch- 
field, Marcel Cordovi, Jim Ryan, 
L. M. Petryck and Dan Bellware 
who was responsible for organizing 
the forum. AWS Directors Ray 
Stitt and George Kirkley, Canadians 
Bob Scott and Gordon Cape, H. 
Thielsch, A. Hogaboom, J. Koss, F. 
Windsor, R. Dennis, W. Kaufmann 
and J. Stewart were included in the 
group of outstanding attendees. 


@ The following day was marked by 
telephone calls from President Mac- 
Guffie and Director Don Howard, 
and by visits of Pittsburgh Section 
Chairman Paul Masters and A. 
Haeger and I. Stromberg of Sweden 
who were starting an extended series 
of plant visits in the United States 
and Canada. 

e During February your Secretary 
received letters from senior Past- 
president J. H. Deppeler (1920-21) 
and also from Past-presidents A. G. 
Oehler (1925-26), A. E. Gibson 
(1936-37), L. W. Delhi (1946-47), 
H. O. Hill (1947-48) and O. B. J. 
Fraser (1949-50). Most of these 
men have now retired from full time 
business activities. Each enjoys 
the privileges of life membership in 
AWS. It is always an honor and a 
great pleasure to hear from these 
men who are responsible for the ac- 
tive promotion and wise guidance 
which have resulted in the present 
success of your SOCIETY. 


Bulletin from Hawaii: F\NAL EDITION 


PROGRAM 


AWS MID-PACIFIC CONFERENCE + 1960 


Hawaiian Village Hotel, Honolulu 


TUESDAY, MAY 3—10:00 A.M. 


CHAIRMAN—J. F. Stacy, Gaspro Ltd. 


(Chairman, Activation Committee, AWS Hawaii Section) 

Welcome to Hawaii: Engineering Society of Honolulu and 
University of Hawaii 

Response: R. D. Thomas, Jr. AWS President-elect 

Panel Discussion: Welding Processes 


Gas (Inert and CO.) and slag-shielded (submerged-arc and electroslag) fusion 
welding. Resistance welding, brazing, new processes 
Panel Moderator: T. J. Crawford, Consulting Engineer 
Panel Members: 
J. H. Blankenbuehler, Hobart Brothers Co. 
A. C. Earlbeck, Earlbeck Welding Supplies 
L. C. Monroe, Welders’ Digest 
C. B. Robinson, Air Reduction Pacific Co. 
C. M. Styer, Consulting Engineer 
R. D. Thomas, Jr., Arcos Corp. 


WEDNESDAY, MAY 4—10:00 A.M. 


CHAIRMAN—J. H. Blankenbuehler, AWS Vice President-elect 


American Welding Society: Objectives and Activities 
(Local, National, International) 


C. B. Robinson, AWS District Director 


Fred L. Plummer, AWS National Secretary 


Some Dramatic Applications of Stainless and Low-alloy Steel 
Welding: R.D. Thomas, Jr., President, Arcos Corp. 


PLANT TOURS—Two plant tours will be organized. The first will include the 
welding shops at the Pearl Harbor Navy Yard and the second those of the Oahu 
Sugar Company. These will follow the technical sessions on Tuesday and 


Wednesday, May 3-4. 


—— 
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Section Officers Meeting 


The Section Officers Meeting has 
become an important event at the 
national meetings and has taken on 
new significance now that questions 
can be answered directly by the 
AWS staff member concerned. 

It is of the utmost importance 
that members of the AWS are made 
aware of what is available, what is 
being prepared and what is un- 
der consideration. This can be 
achieved only if a representative 
group of Section Officers attends the 
meeting. 

Section Officers are aware of the 
problems facing their sections and 
can thus evaluate the programs in 
relation to the needs of their mem- 
bers. Questions and answers serve 
to enlighten all who are present and 
recommendations from the floor are 
extremely valuable in determining 
future activities. 

On their return home, Section 
Officers can report to their sections 
and bring members up to date on 
Soctety affairs. 

In the field of education, the 
recommendations are more than 
valuable—they are vital to the suc- 
cess of the entire program. Every 
area in the country has need for 
education in welding, but the need 
differs according to the area and the 
type of industry predominant 
locally. Accordingly, a _ section’s 
education program will be guided to 
a great extent by local conditions 
and the needs of local industries. 

The type of courses conducted will 
be governed by the requirements of 
the area. Generally speaking, there 
are three levels on which a course 
may be conducted: welding, tech- 
nical and engineering. There is no 
clean-cut line separating any of 
these categories. A very broad 
division—which is not very accu- 
rate—-divides the categories into 
practical, practical-theoretical and 
theoretical. 


AWS School of Welding 
Technology 

The first course conducted nation- 
ally by the Educational Activities 
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Committee uncovered an _ over- 
whelming demand for noncommer- 
cial, objective courses on specific 
subjects. The first class, held 
March 7-11, was filled so rapidly 
that many applications had to be 
turned down. Enrollments came 
from as far away as Canada in 
the North, Florida in the Southeast 
and California in the West. The 
number of letters, telegrams and 
telephone calls was an indication of 
the widespread interest. Gratify- 
ing as the response has been, it 
has also had a profound effect upon 
the thinking of the Educational 
Committee. Here is an urgent 
industry need that the AWS alone 
ean fill, The program is to be 
stepped up and given high priority. 


Duplicate Course 


It is hoped that a duplicate course 
can be held toward the end of May 
in order to accommodate those who 
were unable to attend the course 
held in March. 


This first course is slanted to the 
needs of those who need a broad 
knowledge of gas-shielded arc-weld- 
ing processes. The people who will 
benefit most are probably plant 
superintendents and engineers; de- 
sign and production engineers; 
draftsmen; inspectors, management 
and those who are concerned with 
new manufacturing methods, proc- 
esses and equipment. The course 
is designed for those who need a 
working knowledge of the processes 
and wish to obtain it in five days of 
intensive instruction. 

The first courses are being held in 
New York, but if the demand is 
sufficient, future duplicate courses 
could be held in the Mid-West and 
West Coast areas. 

All interested in attending this 
duplicate 5-day course on gas- 
shielded arc-welding processes 
should send for a prospectus and 
enrollment form to: Arthur L. 
Phillips, AWS School of We'ding 
Technology, 33 W. 39th St., New 
York 18, N. Y. 


Lincoln Schedules 40th Design Seminar 


The Lincoln Electric Co. has 
sponsored 39 design seminars dur- 
ing the last four years in the belief 
that education in the fundamentals 
of practical weld design and fabrica- 
tion will improve the design and 
lower the cost of all types of machin- 
ery and structures. 

The seminar just completed was 
attended by thirty engineers from 
various types of industry in the 
United States and Canada. Over 
750 men have attended the seminars 
held at Lincoln’s plant in Cleveland, 
Ohio. 

Two types of seminars, one for 
structures and the other for ma- 
chinery, are arranged to specifically 
focus on what welded design can ac- 
complish in improving performance 
and reducing costs. The material 
presented combines practical experi- 
ence with theory to develop a cost 
reduction approach to fabrication 
and the efficient use of material 


through welded design. Enrollment 
indicates a high interest in informa- 
tion of this type. Intense study has 
been given to present the material in 
a condensed form to meet the one 
week time schedule of the course. 

The next seminar is scheduled for 
April 11—15 on structures. 


Omer Blodgett, design consultant with 
Lincoln Electric, points out efficient use 
of material in welded design during 
lecture at Lincoln’s design seminar 
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TECHNICAL PAPERS SESSIONS 


1960 


ASME METALS 
ENGINEERING 


AWS 
41ST 


ANNUAL DIVISION 


MEETING 


CONFERENCE 


APRIL 25-29 * HOTEL BILTMORE, LOS ANGELES, CALIF. 


REGISTRATION 
GALERIA FLOOR 
HOTEL BILTMORE 


Sunday April 24 « 3:00 P.M. to 6:00 P.M. 
Monday, April 25 « 8:00 A.M. to 4:00 P.M. 
Tuesday, April 26 « 8:00 A.M. to 4:00 P.M. 
Wednesday, April 278 :30A.M. to4:00 P.M. 
Thursday, April 28 « 8:30 A.M. to 3:00 P.M. 
Friday, April 29 « 8:30 A.M. to 11:00 A.M. 


Registration Fee: 
Members $5.00. Nonmembers $10.00 


APRIL 25, MONDAY MORNING 


BALLROOM 
CHAIRMAN 


10:00 A.M.—Official Opening and Business Session 


J. E. Dato, Linde Company 


ADDRESS 


C. |. MacGuffie, President, AWS 


NATIONAL AWARDS 
ADAMS LECTURE 


Higher Strength Steels in Welded Structures 
by Robert D. Stout, Lehigh University 


APRIL 25, MONDAY AFTERNOON rurcee SIMULTANEOUS SESSIONS, 2:00 P.M. | Papers “B” Start a 


1. Heat Effects on Steel 
Weldments 


BALLROOM 
Chairman 
Alan E. Flanigan, University of California 


Co-Chairman 
R. P. Sopher, Electric Boat Div., General 
Dynamics 


A. Studies of Hot Cracking in High- 
strength Weld Metals 
by R. E. Monroe, H. W. Mishler and 
P. J. Rieppel, Battelle Memorial Insti- 
tute 

B. Hot-cracking Test for CO.-shielded 
Metal-arc Welds 
by Paul W. Ramsey, R. A. Keidel and 
J. N. Kuhr, A. 0. Smith Corp. 

C. Effect of Elevated-temperature Ex- 
posure on Heavy-section Pressure- 
vessel Steels 


by Alan W. Pense, J. H. Gross and R. D. 


Stout, Lehigh University 


2. Resistance Welding 


GALERIA ROOM 
Chairman 


Mario Ochieano, Lockheed Aircraft Corp. 


Co-Chairman 
L. M. Crawford, Boeing Airplane Co. 


A. Resistance Seam Welding of Terne 
Plate 
by M. L. Begeman and Horace F. 
Greer, the University of Texas 

B. Resistance Welding Electronic Com- 
ponent Leads to Nickel-clad Copper 
Wire 
by William L. Hughes and L. E. Mills, 
General Electric Co. 

C. Successful Welding of Foil Gages 
by G. R. Archer, the Budd Co. 


Papers “A’’ Start at 2:00 P.M. 
t 2:50 P.M. 
| Papers “C” Start at 3:40 P.M 


3. Structures 


RENAISSANCE ROOM 
Chairman 
F. H. Dill, American Bridge Division 


Co-Chairman 
C. A. Zwissler, Kaiser Steel Corp. 


A. Record-size All-welded Girders Fea- 
ture New Nisqually Glacier Bridge 
by Edward H. Weil, the Lincoln Electric 
Co. 

B. Welding of the Triton—World’s Largest 
Atomic Submarine 
by George W. Kirkley, Jr., General 
Dynamics Corp. 

C. Largest Welded T-1 Steel Spiral Cas- 
ings 
by E. L. Seeland, Ebasco Services Inc. 
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APRIL 25, MONDAY AFTERNOON 
4:30 to 6:00 P.M.—MUSIC ROOM 


CHAIRMAN 


Clarence E. Jackson, Linde Company 


CO-CHAIRMAN 


E. E. Goehringer, Lincoln Electric Co. 
Educational Lecture Series (Part |) 


New Welding Processes 
by H. Schwartzbart, Armour Research Foundation 


APRIL 26, TUESDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


4. Fracture Mechanics 


BALLROOM 

(Sponsored by the ASME Metals 

Engineering Division) 

Chairman 

J. Frisch, University of California 

Co-Chairman 

G. R. Irwin, U. S. Naval Research Labora- 
tory 


A. Crack Propagation in Thin Metal Sheet 

Under Repeated Loading 
by H. W. Liu, University of Illinois 

. Minimum Toughness Requirements for 
High-strength Steel for Rocket Motor 
Cases 
by J. A. Kies, H. L. Smith, U. S. Naval 
Research Laboratory; H. Romine, 
U. S. Naval Weapons Laboratory, and 
H. Bernstein, U. S. Naval Weapons 
Plant 

. Energy versus Stress Theories for 
Combined Stress—A Fatigue Experi- 
ment Using a Rotating Disc 
by W. N. Findley, E. Szczepanski, 
Brown University; P. N. Mathur, Ford 
Motor Co., and A. 0. Temel, Robert 
College 

. Micro-plastic Strain Hysteresis Energy 
as a Criterion for Fatigue Fracture 
by C. E. Feltner and JoDean Morrow, 
University of Illinois 


5. Aluminum Alloys 
GALERIA ROOM 
Chairman 


W. J. Erichsen, Westinghouse Electric 
Corp. 


Co-Chairman 


L. E. Wagner, University of Michigan 


A. Comparative Properties of Aluminum- 
alloy Weldments 
by |. L. Stern, H. V. Cordiano and V. A. 
DiGiglio, New York Naval Shipyard 

B. How to Interpret Fractures in Alumi- 
num Weld Metal 
by William Lee Burch, Beli Aircraft 
Corp. 

. Weldability of Aluminum Casting Alloys 

with 5086 Wrought Aluminum Alloy 
by Milton S. Orysh and |. G. Betz, USA 
Ordnance Arsenal 


Papers “A” Start at 9 
Papers “‘B” Start at 10 
Papers “C’’ Start at 11:10 


:30 
:20 


A.M. 
AM. 
A.M. 


6. Arc-welding Applications 
RENAISSANCE ROOM 
Chairman 


A. N. Kugler, Air Reduction Sales Co. 


Co-Chairman 
F. R. Drahos, Byron-Jackson Division, 
Borg-Warner Corp. 


A. Internal Welding of Tubes to Tube 

Sheets 
by E. W. Rowlands, Jr. and J. C. 
Cooksey, the Griscom-Russell Co. 

. Welding of Nickel-chromium-iron Alloy 
for Nuclear Power Plants 
by C. E. Witherell and W. A. Fragetta, 
the International Nickel Co., Inc. 

. Gas Metal-arc Welding of Low-carbon 
Steels 
by George Christopher and Roy C. 
Becker, International Harvester Co. 


WELDING SHOW EXHIBITS AND DEMONSTRATIONS 
GREAT WESTERN EXHIBIT CENTER 
Tuesday, April 26 ¢ 10:00 A.M. to 10:00 P.M. 


Hours of the Exposition 


Wednesday, April 27 « 10:00 A.M. to 10:00 P.M. 


Thursday, April 28 « 10:00 A.M. to 6:00 P.M. 


Admission by Registration 
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APRIL 26, TUESDAY AFTERNOON 
4:30 to 6:00 P.M.—MUSIC ROOM 


CHAIRMAN 


Clarence E. Jackson, Linde Company 


CO-CHAIRMAN 


E. E. Goehringer, Lincoln Electric Co. 
Educational Lecture Series (Part |!) 


New Welding Processes 
by H. Schwartzbart, Armour Research Foundation 


| 
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APRIL 26, TUESDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. 


Fracture Mechanics 


BALLROOM 
(Sponsored by the ASME Metals 
Engineering Division) 


Chairman 


E. 


G. Chilton, Stanford Research Institute 


Co-Chairman 


John W. Chung, Aerojet-General Corp. 


A. 


Fracture of Flat and Curved Aluminum 
Sheets with Stiffeners Parallel to Crack 
by J. Frisch, University of California 


. A Study of Theories of Fracture Under 


Combined Stresses 
by |. Cornet and R. C. Grassi, University 
of California 


. Brittle-fracture Characteristics of a 


Reactor Pressure-vessel Steel 
by E. T. Wessel and W. H. Pryle, West- 
inghouse Research Laboratories 


. Use of Center-notch Tensile Test to 


Evaluate Rocket-chamber Materials 
by J. J. Warga, Aerojet-General Corp. 


8. Aircraft 
GALERIA ROOM 


Chairman 
Frank Harkins, Solar Aircraft Co. 


Co-Chairman 
J. R. Fullerton, Ryan Aeronautical Co. 


Papers “A” Start at 2:00 P.M. 
Papers “B” Start at 2:50 P.M. 
Papers “C” Start at 3:40 P.M 


9. Fabrication Procedures 
RENAISSANCE ROOM 


Chairman 
0. T. Barnett, Armour Research Found- 
ation 


Co-Chairman 
L. H. Hawthorne, Revere Copper & Brass; 


A. Development of Forming and Joining 


Techniques for Corrugated-sandwich 
Structure 

by Harold Smallen and Robert P. 
Romaine, Norair, Division of Northrop 
Corp. 


. Application of 2219 Aluminum Alloy to 


Aircraft Pressure-vessel Fabrication 
by C. H. Crane and W. G. Smith, Boeing 
Airplane Co. 


. Inert-gas Spot Welding in the Aircraft 


Inc. 


. Selecting the Correct Procedure for 


Welding a Given Joint 
by Robert A. Wilson, the Lincoln Elec- 
tric Co. 


. Method for Determining Expected 


Amount of Overwelding 
by Olgert J. Riteris, Bucyrus Erie Co. 


. Evaluation of Misaligned Butt-welded 


A286 Sheet Material 


Industry 
by R. L. Hackman, Linde Company 


by D. E. Hacker and S. Weiss, General 
Electric Co. 


APRIL 27, WEDNESDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


10. Welding and Fabrication of 


Ni-Cr-Fe Alloys 


BALLROOM 
(Sponsored by the ASME Metals 
Engineering Division) 


Chairman 


W. E. Cooper, Knolls Atomic Power Lab. 


Co-Chairman 
Hugo Hiemke, California Alloy Products 


A. 


Co. 


Nickel-chromium-iron Alloy Forgings 
for Nuclear Reactor Systems—A Sum- 
mary of Forging Techniques and 
Mechanical Properties 
by C. L. Dotson and R. L. Roshong, 
Cameron Iron Works 


. Arc Welding of a Ni-Cr-Fe Alloy for 


Nuclear Power Plants 

by Jay Bland and W. A. Owczarski, 
Knolls Atomic Power Laboratory, Gen- 
eral Electric Co. 


. Fabrication of a One-inch Thick Ten- 


inch Diameter Welded Nickel-chro- 
mium-iron Pipe 

by W. L. Fleischmann, Knolls Atomic 
Power Laboratory, G.E., and R. F. 
Gurnea, Midwest Piping Co., Inc. 


11. Rocketry 
GALERIA ROOM 


Chairman 


D. B. Howard, ACF Industries, Inc. 


Co-Chairman 


Byron Gates, The Budd Co. 
A. Welding of Large Rocket Motors 


by John E. Bartley, Aerojet-General 
Corp., and Robert E. Frala, Linde Co. 
B. Machine Welding of a Prepackaged 


Liquid Rocket Engine 


by Ralph L. Hoetger, Thiokol Chemical 
Corp., and Walter B. Moen, Air Reduc- 


tion Sales Co. 


C. Welding of High-strength Steels for 


Rocket Applications 


by W. H. Kearns, J. W. Semmel and 


J. D. Marble, General Electric Co. 


Papers “A” Start at 9:30 
Papers “B” Start at 10:20 
| Papers “C” Start at 11:10 


12. Weldments 
RENAISSANCE ROOM 


Chairman 
W. E. McKenzie, U. S. Naval Weapons 
Plant 


Co-Chairman 
S. E. Hickman, Aerojet-General Corp. 


A.M. 
A.M. 
A.M 


A. Designing for Production Welding 
Gives Industry a Fully Accessible Motor 
by A. L. Cooper and W. H. Morse, 
Westinghouse Electric Corp. 

B. Carbon-dioxide Welding of Heavy 
Sections for Radio Towers 
by G. D. Ries and J. R. Myers, Republic 
Steel Corp. 

C. All-position Welding of HY-80 Steel 
with the Gas-shielded Process 
by Craig R. Sibley, Air Reduction Sales 
Co. 
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Papers “A” Start at 


2:00 
APRIL 27, WEDNESDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. | Papers 7 Start at 2:50 ' 
| Papers “C”’ Start at 3: L 


15. Surfacing 
RENAISSANCE ROOM 
Chairman 

R. P. Olsen, Stoody Co. 
Co-Chairman 

J. 0. Cavanagh, Alloy Rods Co. 


A. Restoring Kraft Digesters by Welded 
Overlays 


13. Nonmetallic Structural 
Materials 

BALLROOM 

(Sponsored by the ASME Metals 

Engineering Division) 


14. Weldability of Steels 

GALERIA ROOM 

Chairman 

H. Sincock, Reid Avery Co. 

Co-Chairman 

F. H. Stevenson, Aerojet-General Corp. 


Chairman 


A. W. Weber, Corning Glass Works 


Co-Chairman 


A. Welding of Low-carbon Martensite 


S. V. Saginor, Gladding McBean & Co. 


A. Glass-Ceramics—Principles, 


. Recent 


Practice 
and Properties 

by S. D. Stookey, Corning Glass Works 
Advances in Dispersion 
Strengthened Metal—Metal Oxide 
Structures 

by K. M. Zwilsky, New England 
Materials Laboratory, and N. J. Grant, 
Massachusetts Institute of Technology 


by W. P. Hatch, Jr., C. E. Hartbower, 
Watertown Arsenal Laboratories and 
R. E. Travis, Massachusetts Institute of 
Technology 


. Welding of Ultra-high-strength Steel 


for Missile Motor Cases 

by Harry Schwartzbart, John F. Rudy, 
J. |. Fisher, J. ?. Sheehan and Frank 
Suyama, Armour Research Foundation 


. The Welding of Heat-treated Hot-work 


by Wayne L. Wilcox and Hallock C. 
Campbell, Arcos Corp. 

New Techniques for Cladding with the 
Gas-shielded Process 

by Ralph D. Engel, Air Reduction Sales 
Co. 


. Properties of Plasma-sprayed Ma- 


terials 
by M. A. Levinstein, Alfred Eisenlohr 
and B. E. Kramer, General Electric Co. 


Tool Steels 

by Sheldon S. White, Alloyd Research 
Corp., Mark M. D’Andrea and C. E. 
Hartbower, Watertown Arsenal 


. The Effect of Residual Stress on the 
Fatigue Strength of Ceramic Coating- 
Metal Composites 
by J. H. Lauchner, University of Illinois 


Papers “A” Start at 9: 
Papers “B”’ Start at 


APRIL 28, THURSDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 
Papers ‘C”’ Start at 1 


18. Gas-shielded Welding 
RENAISSANCE ROOM 

Chairman 

W. H. Wooding, Arcos Corp. 
Co-Chairman 

K. J. Miller, AiResearch Mfg. Co. 


16. High Alloys 
BALLROOM 


Chairman 


D. C. Smith, Harnischfeger Corp. 


Co-Chairman 


R. N. Skow, Linde Company 


17. Oxygen Cutting 
GALERIA ROOM 


Chairman 


F. L. Stettner, Victor Equipment Co. 


Co-Chairman 


R. L. Deily, Messer Cutting Machines, Inc. 


A. Oxygen Cutting of Bevels A. Micro-wire Welding 
by George R. Spies, Jr., Air Reduction by John H. Headapohi and Harley J. 
Sales Co. Orr, Hobart Brothers Co. 

B. Recent Development in Oxy-fuel Gas . Electode for Spatter-free Welding of 
Cutting Mild Steel in Carbon Dioxide 


A. Time-temperature Parameters Affect- 
ing Corrosion of 18Cr-8Ni Weld Metals 
by Thomas J. Moore, Arcos Corp. 
(Presented on behalf of the subcom- 
mittee on Welding of Stainless Steel, 


High Alloys Committee, WRC) 


. Properties of Chromium-steel Weld 


Metals 
by Julius Heuschkel, Westinghouse 
Research Laboratories 


. Some Factors Affecting the Weldability 


of the Cupro-nickels 
by Charles E. Witherell, International 
Nickel Co., Inc. 
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by Clifford C. Anthes, Linde Company 


. An Up to Date Discussion of Oxygen- 


natural-Gas Cutting 
by Richard M. Peck, The Harris 
Calorific Co. 


by Everett Cushman, Air Reduction 
Co., Inc. 


C. Short-arc Consumable-electrode Weld- 


ing Applications and New Develop- 
ments 
by T. McElrath, Linde Company 


4 
F 
Pex: 
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10 A.M. 
= 
ae 
‘ 


APRIL 28, THURSDAY AFTERNOON TWO SIMULTANEOUS SESSIONS, 2:00 P.M. 


19. Ductility of Steels 
BALLROOM 
Chairman 


G. R. Pease, The International Nickel Co., 
Inc. 


Co-Chairman 
R. C. Wiley, California State Polytechnic 
College 


A. Notch Sensitivity 
Sheet Materials 
by George M. Orner and Carl E. Hart- 
bower, Watertown Arsenal Labora- 
tories 

B. Notch-ductile Weld Metal for Dynami- 
cally loaded T-1 Steel Structures 
by Julian S. Kobler, U. S. Naval 
Weapons Plant 

C. Some Observations on the Kinzel and 
Drop-weight Tests 
by R. D. Stout, M. D. Mittelman and 
S A. Agnew, Lehigh University 


in High-strength 


20. Brazing 
GALERIA ROOM 
Chairman 


F. W. Hussey, Frankford Arsenal 


Co-Chairman 
H. Udin, Suburban Metallurgical Labora- 
tory 


A. New Alloys for Brazing Heat-resisting 
Alloys 
by William Feduska, Westinghouse 
Electric Corp. 

B. Properties of Stainless-steel Sandwich 
Using Low-density Honeycomb Cores 
by Harold Smallen and William F. 
Roberts, Norair Division of Northrop 
Corp. 

C. Strength of the Single-lap-joint Bond 
by Karl M. Weigert, Curtiss-Wright 
Corp. 


Papers “A” Start at 2:00 P.M. 
Papers “B” Start at 2:50 P.M. 
Papers “C’” Start at 3:40 P.M. 


APRIL 29, FRIDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


21. Columbium, Titanium and 
Zirconium 


BALLROOM 
Chairman 


S. A. Herres, Titanium Metals Corporation 
of America 


Co-Chairman 
D. M. Daley, Jr., Army Ballistic Missile 
Agency 


A. Welding Columbium and Columbium 
Alloys 
by William N. Platte, Westinghouse 
Research Laboratories 

B. Low-energy Fusion Welding of Titan- 
ium Alloys 
by S. S. White, Alloyd Research Corp., 
M. M. D'Andrea and C. E. Hartbower, 
Watertown Arsenal 

C. Diffusion Bonding of Zircaloy Plate- 
type Fuel Elements 
by Harry Schwartzbart and William 
Lehrer, Armour Research Foundation 


22. Pipe Lines 
GALERIA ROOM 
Chairman 


D. P. O'Connor, Dept. of Water and Power, 
City of Los Angeles 


Co-Chairman 


H. A. Sosnin, Nibco Inc. 


A. Design, Welding Procedure and Fabri- 
cation of Concentric Molten-sulphur 
Pipe Line 
by C. M. Cockrell, Freeport Sulphur 
Co., and J. M. Shilstone, Shilstone 
Testing Laboratory 

B. Welding on High-pressure-gas Trans- 
mission Pipe Lines 


by Robert S. Ryan and _ Robert 
Wright, Columbia Gas System Service 
Corp. 


C. Induction-pressure Welding of Girth 
Joints in Steel Pipe 
by R. L. Koppenhofer, W. J. Lewis, P. J. 
Rieppel, G. E. Faulkner, Battelle Mem- 
orial Institute and Harry C. Cook, Esso 
Research & Engineering 


Papers “A’’ Start at 9:30 A.M. 
Papers “B”’ Start at 10:20 A.M. 
Papers “C’’ Start at 11:10 A.M. 


23. Processes 
RENAISSANCE ROOM 


Chairman 


J. C. Cahill, New York Naval Shipyard 


Co-Chairman 


C. R. Strock, Linde Company 


A. A New Electron-beam Welding Unit 
by W. J. Greene, R. R. Banks and R. 
M. Niedzielski, Air Reduction Sales Co. 

B. The Characteristics of Flat Welding 
Wire 
by Vincent H. Godfrey, Page Steel & 
Wire Division of American Chain & 
Cable Co. 

C. Preheated Welding Wires and Their 
Effect on Welding Characteristics 
by W. T. DeLong, J. H. Bradbury and 
H. F. Reid, The McKay Co. 
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Other Activities at Hotel Biltmore 


April 25, Monday 
2:00 P.M.—Technical Council Meeting, Conference Room #3 
6:00 P.M.—President’s Reception, Galeria Room 
8:00 P.M.—Annual Banquet, Ballroom 


April 26, Tuesday 
9:00 A.M.—AWS Missiles and Rockets Welded Fabrication Committee Meeting, Conference 
Room 
2:00 P.M.—Districts Council Meeting, Conference Room 47 
7:00 P.M.—Ohio State University Student Alumni Dinner, Conference Room #8 


April 27, Wednesday 
9:00 A.M.—Section Officers’ Meeting, Conference Room #4 
10:00 A.M.—Exposition Committee Meeting, Conference Room #6 

1:30 P.M.—WRC Aircraft Advisory Committee Meeting, Conference Room #6 

2:00 P.M.—Manufacturers Committee Meeting, Conference Room #8 

2:00 P.M.—Section Technical Representatives Meeting, Conference Room #5 

2:00 P.M.—Open Meeting of National Nominating Committee, Conference Room #7 
3:00 P.M.—Closed Meeting of National Nominating Committee, Conference Room #7 
6:30 P.M.—WRC Dinner, Conference Room # 1 
8:00 P.M.—WRC Meeting, Conference Room #1 


April 28, Thursday 
10:00 A.M.—Board of Directors Meeting, Conference Room #4 
12:30 P.M.—Board of Directors Luncheon, Conference Room #5 


PANEL MEMBERS AND SUBJECTS: 


Informal Panel Discussion Atomic Reactors Reno Haines 


Atomics International Div. 
Great Western Exhibit Center North American Aviation, Inc. 


WEDNESDAY, APRIL 27 2:30-4:30 P.M. 


Panel Session on Maintenance Welding Steel Rollie Norris 
Kaiser Steel Corp. 
Moderator: Frank Drahos, Byron Jackson Div. Ships Bill Lester 


Borg Warner Corp. Todd Shipyards 
Railroads Sam Tossetti 


Co-Moderator: Russ Graves, The Fluor Corp. A.T. & S.F. Railway Co. 
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PLANT TOURS 


Wednesday, April 27— 


McCulloch Motors Corp., Los Angeles 
Airline Welding and Mfg. Co., Gardena 


Leave Biltmore Hotel by bus 9:00 A.M 
Arrive McCulloch Motors 9:45 A.M. 
Plant Tour 9: 45-12: 00 
. Lunch at McCulloch Cafeteria 12:00- 1:00 
Leave McCulloch 1:00 P.M. 
Arrive at Airline Welding 1:30 P.M. 
Plant Tour 1: 30- 3:00 
; Leave Airline 3:00 P.M. 
Arrive at Biltmore Hotel 4:00 P.M 


PRICE OF TOUR: 


2 Plants including lunch and transportation 


$4.00 per person 


eThursday, April 28 


U. S. Consolidated Steel Div., U. S. Steel, 
Los Angeles 


Leave Biltmore Hotel by bus 9:00 A.M 

Arrive Consolidated 10:00 A.M. 
Plant tour approximately 3 hours 

Lunch at Consolidated Cafeteria 00 P.M. 


| 
Leave Consolidated 2:00 P.M. 
Arrive at Biltmore Hotel 3:00 P.M. 


PRICE OF TOUR: 


Including lunch and transportation 


$3.75 per person 


e@ AWS members and their guests are invited to attend the traditional President’s Reception 
which will be held in the Galeria Room of the Hotel Biltmore at 6:00 P.M. on Monday evening, 
April 25th. Those who attend will have the opportunity to meet President ‘‘Charlie’’ MacGuffie 

and President-elect ‘‘Dave’’ Thomas, as well as other national officers. 


@ At 8:00 P.M., on the same evening, the Annual Banquet will take place in the Hotel Biltmore’s 
° Ballroom. Tickets for this affair will be on sale at the hotel. 


e@ The SOCIETY has arranged to have world famous Don Rice as master of ceremonies at the 
banquet. Entertainment will be provided by Jack Benny’s favorite quartet ‘‘The Sportsmen”; 
pianist Vincent Rossi and the Spanish instrumental and vocal group—Jose Nieto Trio. 


LADIES’ PROGRAM 


Monday, April 25 


9:00 A.M. Coffee hour in Conference Room #10, Hotel Biltmore. 

10:00 A.M. Buses will leave Hotel Biltmore for tour of TV-Movie studios, 
LaBrea Pits, Hollywood and Beverly Hills. 

1:30 P.M. Lunch at Farmers Market. 

3:30 P.M. Return to Hotel Biltmore. 


Tuesday, April 26 


9:00 A.M. Coffee hour in Conference Room #10. 

10:00 A.M. Buses depart from Hote! Biltmore for visit to Marineland 
11:30 A.M. Luncheon at Marineland. 

1:00 P.M. Marineland Show activities. 

4:00 P.M. Return to Hotel Biltmore. 


Wednesday, April 27 


8:30 A.M. Coffee hour in Conference Room #10. 

9:30 A.M. Buses will leave Hotel Biltmore for visit to Huntington Hotel. 

11:30 A.M. Luncheon at Huntington Hotel. 

1:30 P.M. Tour of Huntington Museum and Library and Santa Anita 
Arboretum. 

4:00 P.M. Return to Hotel Biltmore. 


Thursday, April 28 


8:30 A.M. Coffee in Conference Room #10. 

9:00 A.M. Buses will leave Hotel Biltmore for tour of Disneyland. 

12 noon Luncheon at Disneyland. Following luncheon, relax in the 
friendly atmosphere of Disneyland. 

4:00 P.M. Return to Hotel Biltmore. 


$10.00 per person. 
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new Westinghouse iron powder-coated electrodes enable 


For superior, faster, easier welding, try the new ZIP-10 electrodes—latest advance from Westinghouse research 
and development. Key to the ZIP-10’s performance: a special iron-powder coating that helps boost welding 
speed ... makes welding easier because of more spray-type metal transfer . . . permits instant restrike whether 
the tip is hot or cold. With ZIP-10 iron powder-coated electrodes, welds are smooth, strong, continuous . . . free 
from breakdowns, pin holes, puffing craters. Undercuts are reduced. Slag is simple to remove. And the ZIP-10 
produces outstanding welds regardless of the position in which they are held. 


=~ 
y 
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faster welding, instant restrike, hot or cold 


Check your nearest franchised Westinghouse welding distributor about the new ZIP-10, one of a series of 
iron powder-coated electrodes ...as well as the other electrodes in the complete Westinghouse line. Write 
Westinghouse Electric Corporation, Welding Department, 4454 Genesee Street, Buffalo 5, New York, for a 


pocket-sized electrode selector booklet. 
J-10482 


watch Westinghouse for new developments in welding 


you CAN BE SURE...1F ITS \ Vestinghouse 


For details, circle No. 10 on Reader Information Card 


HIGHLIGHTS 
OF EXHIBITS 


at 1960 weELDING SHOW 


GREAT WESTERN EXHIBIT CENTER 
LOS ANGELES, CALIF. 


APRIL 26-28 


Booth No. 303 


Air Reduction Sales Co. 


Product live demonstrations in- 
clude: electron-beam welding ma- 
chine; Aircomatic wires; Heliweld 
automatic machine heads; and Lina- 
graph pantograph cutting machine. 
Also, display of MIGet Aircomatic 
gun. 


Airline Welding & Engineering 
Booth No. 524-A 


Feature: Display of longitudinal 
clamping fixture; longitudinal seam- 
welding positioner; and roll plan- 
isher. 


Alloy Rods Co. Booth No. 202 


Feature: Live demonstrations of all- 
position welding of heavy-gage 
chrome-molybdenum piping fea- 
turing “Atom-Arc”’  iron-powder 
chrome-moly electrodes. Also, dis- 
play of company’s hard-surfacing 
products and complete line of other 
welding electrodes. 


All-State Welding Alloys Co., Inc. 
Booth No. 501 


Feature: Duzall liquid soldering flux 
for all soft solders; low-fuming flux- 
coated bronze rod; _precision- 
spooled level-wound aluminum wire 
for gas metal-are welding; and jet 
flux automatic fluxing system. 


Alphil Spot Welder Mfg. Corp. 
Booth No. 122 


Feature: Welding controls—weld 
timer and sequence timer with plug- 
in panels. Bench model welding 
machine, Alphil vertical press type, 
air operated. Various capacities. 


Aluminum Company of America 
Booth No. 306 


Live demonstrations of 


Feature: 
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ultrasonic spot welding, tungsten 
and consumable electrode inert-gas 
arc welding, torch brazing and sol- 
dering. Display of zinc-clad alu- 
minum soldering sheet; I.G. elec- 
trode with bright finish. 


American Brazing Alloys Co. 
Booth No. 208 


Feature: Display of silver solder, 
low-fuming bronze, nickel silver, 
Phos Sil alloys, flux and aluminum 
welding wire. 


American Platinum & Silver Division, 
Engelhard Industries, Inc. Booth No. 503 


Feature: ‘“Silvaloy”’ silver-brazing 
alloys, “Black Flux,” No. 1200 flux, 
flux for honeycomb brazing alloys, 
gold and palladium brazing alloys, 
and “Nicrobraz” alloys, fluxes and 
supplementary products. 


American Pullmax Co., Inc. 
Booth No. 805 


Feature: Demonstrations with 


To: Editor of Welding Journal 


33 W. 39th St., New York 18, N. Y. 


Model X-8 Pullmax beveller. 
machine cuts a '/.-in. bevel on mild- 
steel plate or */;-in. bevel on stain- 
less steel. 


This 


Arcair Co. Booth No. 800 


Feature: Continuous live demon- 
strations of “‘Arcair’’ metal-removal 
process will be made in company’s 
exhibit. All current models of 
torches and welding accessory prod- 
ucts will be on display; new torches 
introduced. 


Arcos Corp. Booth No. 300 


Feature: Manual CO.-shielded arc 
welding of mild steel; inert-gas 
welding of aluminum with “Arco- 
sarc’”’ welding equipment. ‘“Arco- 


sarc’’ automatic wire drive for arc 
welding stainless, low-alloy and mild 
steel. 


Also, electrode line. 


Aronson Machine Co. 


Booth No. 524 


Feature: Aronson C4000 Universal 
balance positioner and other pro- 
duction-type positioners will be 
shown; also, latest in automatic 
welding fixtures, weld roll planishers, 
precision ram manipulator as well as 
40,000-lb turning rolls. 


Balteau Electric Corp. Booth No. 517 
Feature: BS 150 ‘‘Panoram-X” 
portable industrial X-ray unit; 


rated 150 kvp with 360-deg beam. 
Also, BG 300 “Panoram-X”’ port- 
able industrial X-ray unit; rated 
300 kvp with 360-deg beam. 


Battelle Memorial Institute 
Booth No. 601 


Feature: Research and develop- 
ment are the theme of the display. 
It will feature activities of Institute 
on welding, metals joining and 
metallurgy. Also, copies of Battelle 
papers will be made available with- 
out charge. 


i regret that | am unable to attend this year’s 


AWS 41st Annual Meeting and Exposition in Los Angeles. 
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Bay State Abrasive Products Co. 
Booth No. 802 


Principal attraction: Operating 
demonstration of Bayflex double- 
duty abrasive disk-wheel, with com- 
bined grinding and finishing action; 
also, redesigned vibration dampen- 
ers. 


Bernard Welding Equipment Co. 
Booth No. 518 


Feature: “RED-E” cable lugs and 
splicers that can be attached to ca- 
bles with just use of hammer; 
“Cool Mount” combination water 
cooler and portable rig for gas- 
shielded arc-welding equipment. 


Birdsell Manufacturing Co. Booth No. 615 


Feature: Birdsell Model 425-AC 
DC G unit for inert-gas-shielded 
arc welding; 4-stage magnetic am- 
plifier permits control down to '/, 


amp on ac and less than this value on 
de. 


Black Hawk Industrial Division 
Booth No. 302 


Bren Weld Corp. Booth No. 520 


Feature: Arc spot-weld gun. Spot 
welds from one side with no backup 
electrode. Also, portable, 200-amp 
arc welding machine weighing 75 
Ib; full line of blasting machines. 


E. D. Bullard Co. Booth No. 613 


Feature: Display of “‘Hard Boiled” 
safety hats and caps, industrial 
first-aid kits, safety hoist hooks and 
insulated links, truck and fork lift 
backup alarms, and other industrial 
safety equipment. 


Cam-Lok Division, 


Empire Products, Inc. Booth No. 403 


Feature: Neoprene-insulated cable 
connectors, plugs and panel recep- 
tacles for all cable sizes from 750 
MCM to No. 18 wire; explosion- 
proof plugs and receptacles; cable 
splicing and repair kits; electrode 
holders. 


Capital Welding & Mfg. Co., Inc. 
Booth No. 510 


Feature: Display of hydraulic and 
pneumatic stainless-steel filters for 
aircraft and missile; code vessels 
and special fabrications. 


Chicago Tool and Engineering Co. 
Booth No. 622 


Feature: Display of ‘“Palmgren 
rapid cable connectors, butt and fil- 
let weld gages, arc-oxygen under- 
water cutting torches and welding 
positioners. 


Contour Marker Corp. Booth No. 519 


Feature: Display of ‘“Curv-O- 
Mark” line of welding aids for pipe 
layouts of any type or location. 
Principal items: ‘“‘Curv-O-Mark’”’ 
contour marker and “Ang - Lo- 
Cator’”’ welders’ protractor. 


Cosa Corp. Booth No. 111 


Feature: Universal copy-nibbling 
machine for sheet-metal cut-outs 
directly from template; built-in 
coordinate system allows also work- 
ing from drawing; attachments for 
slotting, shearing, folding, flanging. 


Booth No. 505 


Feature: Display of Coyne line of 
92% porosity acetylene cylinders. 
These cylinders hold 30% more 
acetylene gas than the old-style 
acetylene cylinders. 


Coyne Cylinder Co. 


Cryogenerators, Inc. Booth No. 421 


Principal attraction: Visual display ° 


of recovery of “‘escape”’ or “‘boil-off” 
gases by recondensation. Four 
cryogenerators, having respective 
capacities of 3000, 12,000, 40,000 
and 160,000 Btu/hr at —300° F 
are featured. 


Booth No. 104 


Feature: Exhibit of welding and 
cutting torches, regulators and gas- 
welding accessories. Also, head and 
eye-protective equipment, and other 
items of interest to. the welding in- 
dustry will be shown. 


Dockson Corp. 


Booth No. 620 


Feature: Entire line of Emerson 
Electric welding-machines will be 
shown. Compact, lightweight and 
portable 180 and 205-amp a-c trans- 
former welding machines will be 


highlighted. 


Emerson Electric Mfg. Co. 


Eutectic Welding Alloys Corp. 
Booth No. 405 


Feature: Continuous demonstra- 
tions of Eutectic ““Low Temperature 
Welding Alloys,” including ac-dc 
overlay electrode, paste compound 
that joins aluminum without filler 
metal, and ac-de electrode for ma- 
chinable and crack-resistant welds in 
cast iron. 


Booth No. 611 


Feature: ‘‘Exo-Anneal’’ process 
which utilizes exothermic shapes as 
heat source for postheat treatment 
of weldments. Processes for ther- 
mit welding rails and pipe stubs will 
also be shown. 


R. C. Fessler Co. Booth No. 514 
Display of Flood’s Snap- 


Exomet, Inc. 


Feature: 


in helmet headgear; Keybaks ‘‘Saf- 
t-Chuck” key. Elmet polished 
tungsten; Raybestos Manhattan 
fast cut “‘Moldisc.” 


Fibre-Metal Products Co. Booth No. 702 


Feature: Display of ‘“‘Sologoggle”’ 
with telescoping arms and “‘Quick- 
Lok” attachment for safety caps; 
lightweight face shield; ‘“‘Superglas”’ 
safety caps for combination hel- 
mets; “Supergrip”’ electrode holders 
and ground clamps. 


Booth No. 401 


Glendale Optical Co., Inc. Booth No. 423 


Feature: Display of Glendale prod- 
ucts consisting of ‘“‘Seesall’’ welders 
cover goggle designed for comfort 
and wide-angle vision, and the “‘Uni- 
spec Twins,” two universal bridge 
safety spectacles. 


General Electric Co. 


Booth No. 322 


Live demonstration of 
“Sil-Fos” low- 


Handy & Harman 


Feature: 
“‘Easy-Flo” and 
temperature silver-alloy brazing. 
Handy ‘“Hi-Temp” and Handy 
*‘Alumibraze”’ will also be shown. 
Technical specialists on hand to dis- 
cuss problems and render assistance. 


Booth No. 317 


Principal attraction: Demonstra- 
tion of P&H tape programming 
equipment. Illuminated screen 
track will simulate visually the suc- 
cessive steps and relative duration of 
each heat stage in typical tape-con- 
trolled welding operation. 


Booth No. 512-A 


Feature: Display of heavy-duty 
welding-cylinder trucks with auto- 
motive-type tires. In addition a 
complete line of welding cylinder 
and medical cylinder trucks. 


Harris Calorific Co. Booth No. 404 


Feature: Display of multitorch au- 
tomation system; single torch oxy- 
gen saver for oxygen cutting; 42 
lever-forward and “‘fitter’s’” cut- 
ting torch; No. 25 regulator; com- 
bination welding and cutting outfits; 
animation on oxygen cutting. 


C. B. Herrick Mfg. Corp. 


Harnischfeger Corp. 


Harper Trucks, Inc. 


Booth No. 524-B 


Feature: Display of Model MD 
6x8 automatic ram-type weld head 
manipulator. 


April is 
National Welded 
Products Month 
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Hobart Brothers Co. Booth No. 318 


Feature: Display of semiautomatic 
micro-wire CO, equipment capable 
of spot, plug, space, tack and bead 
welding on gage and plate thickness 
material. CV welding machine, 
wire feeder and cooling system 
mounted on portable platform. 


Huntington Alloy Products Division, 
International Nickel Co. Booth No. 420 


Feature: Introduction of BP “85” 
electrode for nuclear component 
fabrication. Electrode used prin- 
cipally to join AISI ‘304’ stain- 
less steel to Inconel nickel-chro- 
mium alloy, steel to Inconel alloy and 
nuclear-grade Inconel alloy to itself. 


Industrial News Booth No. 515 


Feature: Display of publications 
“Los Angeles Industrial News,” 
*Pacific-Southwest Industrial 
News,”’ ‘““Technical Societies Bulle- 
tin’’ and “General Aviation News.” 


Jackson Products, 
Air Reduction Sales Co. Booth No. 321 


Feature: Display of ‘“‘Sealed Tight” 
electrode holders (ST-3, ST-5), fea- 
turing virtual one-piece conductivity 
with mechanical connection sim- 
plicity. Also, aluminum and fiber- 
glass safety hats will be shown. 


_ Lake Chemical Co. 


Kedman Co. Booth No. 612 


Feature: Exhibit of “Huntsman” 
welding helmets with new “Hunts- 
man” positive locking knob adjust- 
ment headgear and a new line of 
“Huntsman” face shields with alu- 
minum-bound “‘Lumerith” windows. 


K-G Equipment Co., Inc. Booth No. 623 


Feature: Complete new line of K-G 
equipment—the products of 46 years 
of service to welding industry. Ac- 
tion demonstrations of torches, gas 
tungsten-arc equipment and reg- 
ulators. 


KSM Products Booth No. 406 


Feature: Live demonstration of 
arc and capacitor discharge stud- 
welding equipment and fasteners. 
KSM “Bamtam”’ 2-lb stud-welding 
gun and portable CD stud-welding 
unit are featured. 


Booth No. 608A 


Feature: Demonstration of com- 
plete line of fluxes and sealants with 
special emphasis on latest types of 
“‘La-Co”’ fluxes for soldering use by 
welding trade. 


Liquid Carbonic Division, General 
Dynamics Corp. Booth No. 605 


Feature: ‘‘Liquidox” new-design 
receivers for liquid oxygen, nitro- 


gen or argon. “Case of Jewels” 
display for ““Liquidweld”’ gas weld- 
ing and cutting apparatus. New 
“Liquidweld”” machine cutting 
torches. Also, 13-lb ““Quicky”’ port- 
able cutting machine. 


Lenco, Inc. Booth No. 120 


Feature: Display of ““Hi-Amp”’ elec- 
trode holders and ground clamps fea- 
turing the ‘““Threaded Power Con- 
nection’; cable connectors, lugs 
and sleeves; rotating ground attach- 
ments; “Swedg-on” tools; model 
“G”’ C-type ground clamp. 


Lewis Welding & Engineering Corp. 
Booth No. 308 


Feature: Demonstration of auto- 
matic welding-head manipulator in- 
corporating the latest refinements 
and improvements in machine de- 
sign and controls. 


Lincoln Electric Co. Booth No. 219 


Principal attraction: “Squirtmo- 
bile’’—a small, compact, self-pro- 
pelled tractor for automatic sub- 
merged-arc welding; also, ac-dc 
“Idealare Tig’ and “Aircraft LC” 
motor generator for inert-gas weld- 
ing. In addition, display of full 
Lincoln line. 


Linde Company Booth No. 211 
Feature: “‘Sigma’’ short-arc welding 
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THE GOLD RUSH IS ON! 


ALL ROADS LEAD TOLOS ANGELES! 


THE WELDING JOURNAL INVITES YOU 
TO GET FULL DETAILS ABOUT 


“WELDERS’ TREASURAMA” 


VISIT WELDING JOURNAL BOOTH #700 AT THE 


41st ANNUAL MEETING AND EXPOSITION 


APRIL 26 28 


AT GREAT WESTERN EXHIBIT CENTER 


EVERYBODY HITS PAY-DIRT! 
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demonstrations. Complete line of 
equipment for continuous-electrode 
welding, including ‘Sigmatic’”’ 
equipment and “Unionarc’’ CO, 
magnetic-flux machines. Also, oxy- 
acetylene welding and cutting equip- 
ment and gas-supply systems. 


Magnaflux Corp. Booth No. 621 


Feature: Will exhibit variety of 
testing and measuring equipment, 
including magnetic-particle test sys- 
tems for crack detection, fluorescent- 
penetrant method for through-leak 
detection in welded tanks and ves- 
sels, and other equipment. 


Markal Company Booth No. 608 


Feature: Line of Markal ‘““Thermo- 
melt’’ precision temperature indica- 
tors in stick, liquid and pellet form; 
Markal ‘‘Paintsticks’”’ developed for 
use by welding trade; also, Markal 
protective coatings for metals sub- 
jected to high temperature and cor- 
rosion. 


Marquette Manufacturing Co., Inc. 
Booth No. 121 


Feature: “Redi-spot’’ arc-welding 
gun and “Redi-Spot”’ welding. Live 
demonstration will run continuously. 
Also, Marquette arc-welding and 
oxyacetylene welding and cutting 
equipment and welding electrodes 
will be shown. 


Booth No. 130 


Expanded line of stain- 
spooled, 


McKay Co. 


Feature: 
less-steel welding wires, 
coiled and cut lengths. Also, 
“Tubealloy” open-arc and _ sub- 
merged-arc welding wires, in addi- 
tion to mild-steel, low-hydrogen, 
stainless-steel and hard-surfacing 
welding electrodes. 


Metal & Thermit Corp. Booth No. 604 


Feature: Complete line of M&T 
welding machines, dc rectifiers, a-c 
transformers, ac-dc machines and 
machines for inert-gas-shielded arc 
welding. Also, photographic pres- 
entation depicting outstanding jobs 
done with Murex electrodes. 


Metallizing Company of America 
Booth No. 105 


Feature: Showing of latest models 
of “Mogul” metallizing equipment; 
“Powder jet 2 in metal-pow- 
der and ceramic-spraying equip- 
ment; type R-2 '/,-in. “Rokide”’ 
rod-spraying unit; ‘‘Mogul’’ met- 
allizing guns; and other equipment. 


Mid-States Welder Mfg. Co. 
Booth No. 413 


Feature: Display of “Magna Tran” 


ac-de TI-300 inert-gas welding ma- 
chine; ‘Sil A Tran” 3-phase silicon 
rectifier; ac-dc arc-welding machine 
with d-c package for field installa- 
tion; and 180-amp limited-input ma- 
chine. 


Miller Electric Mfg. Co. Booth No. 311 


Feature: CP3VS welding machine 
for constant-potential use for short- 
arc and related processes with a var- 
iable slope; DD250-L diesel-engine- 
driven welding machine and power 
plant with electric starter; and 
other welding machines. 


Milwaukee Electric Tool Corp. 
Booth No. 523 


Feature: Milwaukee electric tools 
for heavy-duty industrial use; san- 
der grinders built specifically for 
the welder, with exclusive coaster- 
brake clutch drive designed to dou- 
ble gear life. 


Mir-0-Col Alloy Co., Inc. 
Booth No. 106 


Feature: Showing of M-500 semi- 
automatic welding machine, nickel- 
chrome manganese electrodes and 
micro-spooled wire. Also, complete 
line of hard-surfacing rod, welding 
machines and all types of electrodes. 


National Cylinder Gas Division 
of Chemetron Corp. 
Booth Nos. 417 & 418 


Feature: Demonstration of “‘Dual- 
Shield”’ mild-steel welding and con- 
sumable-electrode spot welding; dis- 
plays of NCG Type R oxygen-cut- 
ting machine, liquid-oxygen con- 
verter, ““Sureweld’”’ SGW 201 series 
and d-c arc-welding machines, and 
other equipment. 


National Torch Tip Co. Booth No. 410 


Feature: Display of regulators, gas- 
air appliances, natural-gas tip and 
equipment; heavy-duty cutting and 
welding outfits, and complete line of 
replacement cutting and welding 
tips for all equipment and gases. 


National Welding Equipment Co. 
Booth No. 207 


Feature: Series of live demonstra- 
tions, using the equipment manu- 
factured by National which includes 
precision free-hand cutting, glass 
blowing and the use of oxygen ther- 
apy apparatus. 


Nelson Stud Welding Division, 
Gregory Industries, Inc. | Booth No. 310 


Feature: Percussion stud welding 
machine for light-gage pin welding; 
also, stud welding to steel and alu- 
minum. 


Norris-Thermador Corp. Booth No. 108 


Feature: Display of Norris-Therm- 
ador line of high-porosity acetylene 
cylinders from 10 cu ft to 310 cu ft 
capacity as well as cylinders for CO,, 
medical and other compressed gases. 


Booth No. 414 
NRC Equipment Corp. Booth No. 602 


Feature: Electron-beam welding 
machine in operation to demonstrate 
features of process. NRC Model 
2405 is designed for precision weld- 
ing tungsten, tantalum and other re- 
active metals. 


Ohio Nut and Bolt Co. Booth No. 110 


Feature: Display of patented elec- 
trodes for welding “Ohio Weld 
Fasteners;”’ also, complete line of 
products with many typical welded 
assemblies where these fasteners 
have been used. 


North American Aviation 


Omark Industries Booth No. 607 


Feature: “Omark-Graham”’ stud- 
welding machines for construction 
and manufacturing will be shown. 
Also, display of portable models for 
many applications; bench welding 
machines for industry, both single- 
and multigun. 


Pandjiris Weldment Co. Booth No. 118 


Feature: Display of automation 
production equipment consisting of 
1960 Model SWHM 14 x 12 boom- 
type manipulator; 3000-lb precision 
positioner; Piper-type pipe-turning 
rolls; production-assembly type 25 
to 100 lb positioner; and other 
equipment. 


Cecil C. Peck Co. Booth No. 618 


Feature: Peck spud-welding ma- 
chine and ram-welding machine in 
miniature, but completely mecha- 
nized, will demonstrate the working 
of these two units for automatic 
welding; designed as standard ma- 
chine tools for welding. 


Philips Electronic Instruments 
Booth No. 301 


Feature: Display of portable in- 
dustrial X-ray equipment; complete 
“Norelco” line, including PG100, 
PG 140, PG 200 and PG 300; and 
twin focus 0.7 mm and 2.5 mm beryl- 
lium window tube. 


Phillips Drill Co. Booth No. 315 


Picker X-Ray Corp. Booth No. 200 


Feature: Display of complete line of 
both gamma and X-ray equipment 
as well as equipment used for mag- 
netic-particle inspection; portable 
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EUTECTIC RESEARCH 
MAKES THE BIG DIFFERENCE 


World Headquarters 
Flushing, New York 


For details, circle No. 13 on Reader Information Card 
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MATTER OF CHANCE 


Real progress doesn’t “just happen”. It must be carefully and deliberately created! 
It requires dedication and a relentless desire to make things better than they are. 


Ceaseless research has been the key to EUTECTIC progress since its inception 
20 years ago. It began with the discovery of the “Surface Alloying” principle and 
the development of the exclusive Low Heat Input Welding Process — and has con- 
tinued through the development of the more than 160 EUTECTIC “Low Tempera- 
ture Welding Alloys”® Fluxes and Welding Aids. The purpose has always been the 
same: to develop better methods of providing faster, easier and stronger welds. . . 
while minimizing stresses, embrittlement, distortion and warpage created by con- 
ventional high heat methods. 


Today, these efforts are still going on — more than ever before! Every year finds 
new plants...new laboratories...new equipment being added to our already 
s extensive facilities throughout the world. Soon, a vast new Foundry and Metallur- 
gical Center will be completed — heralding the start of the most ambitious research 
and development program ever undertaken by this or any other company in the field. 


Progress, based on research, is the primary aim at EUTECTIC. And progress to us 
means better products, improved techniques, and greater service for you. 


NEW FOUNDRY AND METALLURGICAL DIVISION being constructed will house complete 
facilities for metallurgical research and developments, as well as the actual production 
of core wires from virgin metal. 


PROGRESS AND SERVICE 


® REGISTERED TRADE MARK OF : ©1959 EWAC 


EUTECTIC WELDING ALLOYS CORPORATION 


40-40 172nd St., FLUSHING 58, NEW YORK 


Lh To Werebouses and Service Centers im ATLANTA; BOSTON; CHICAGO; COLUMBUS, OHIO; DALLAS; DETROIT; 
ow Jamporaliane B LOS ANGELES; ST. LOUIS; SEATTLE; BERKELEY, CALIF.; HURON, SO. 
EUTECTIC DAKOTA; PHOENIX, ARIZONA. 
WELDING ALLOYS CANADIAN PLANT AND HEADQUARTERS: MONTREAL 
WAREHOUSES: DARTMOUTH, N, S., TORONTO AND VANCOUVER 


For details, circle No. 13 on Reader Information Card 
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“‘Andrex”’ units, ““Tech/Ops, equip- 
ment, and “‘Ferroscope”’ units. 
J. M. Ragle Industries Booth No. 616 


Feature: Display of ‘““Tip Wire Kit” 
with 4-in. long color-coded burnish- 
ing wires for cleaning welding and 


cutting tips; also, lighterweight 
flat soapstone holder. 
Ransome Co. Booth Nos. 400, 424 


Principal attractions: “Blending the 
old with the new” display—1930 
Ransome positioner together with 
fully automated 1960 positioner 
featuring constant linear table 
speed control. Also, automatic 
welding-head manipulators, turning 
rolls and fixtures. 


Reid-Avery Co. Booth No. 412 


Feature: ‘‘Dynaweld’’ automatic 
and semiautomatic wire for high- 
speed welding featuring semiauto- 
matic gun feeder. No auxiliary gas 
or water required. Electrodes, au- 
tomatic wire, automatic heads and 
accessories also shown. 


Rexarc, Inc. Booth No. 113 


Feature: Live demonstrations of 
cast iron “Liquiflux” to braze steel, 
apply brass to cast iron, weld cast 
iron with a cast-iron rod. Other 
applications demonstrated. Also, 
automatic hard-surfacing equip- 
ment shown. 


Robotron Corp. Booth No. 504 


Feature: Display of “‘Spike”’ power 
welding control for resistance weld- 
ing; also welded samples. This 
basic NEMA Type N2H combina- 
tion incorporates newly developed 
coaxial ignitron tube. 


Robvon Backing Ring Co. Booth No. 801 


Feature: Display of backing rings. 
including commercial split rings, 
offset rings for joining differing pipe 
or tube I.D.’s, and finely machined 
rings for pressure piping in carbon 
steel, stainless steels, aluminum and 
other materials. 


Sellstrom Manufacturing Co. 
Booth No. 100 


Principal attraction: Line of fiber- 
glass welding helmets. These hel- 
mets feature nylon lift front or sta- 
tionary plate retainers with extra 
large plate holding capacity; also, 
have plastic ratchet headgear. 


Shober, Inc. Booth No. 614 


Feature: Demonstration of com- 
plete line of mild steel and low-hy- 
drogen’ iron-powder _ electrodes, 
Also, display of gas-welding wire, 
cable connectors and 100-amp Sho- 
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ber Jr. arc-welding machine. 


Simonds Abrasive Co. Booth No. 516 


Feature: Demonstrating in actual 
use “Series 60° Double XX de- 
pressed-center abrasive wheels for 
weld grinding. Also, ‘“Fibrex” 
wheels of same type for lighter work. 
Weld-grinding products include 
straight, cup and mounted wheels. 


A. 0. Smith Corp. Booth No. 209 


Feature: Exhibit of ‘“‘Premier’’ line 
of a-c welding machines, SW-612 
Class E6012 electrode, and ‘Button 
Welding”’ with semiautomatic CO, 
hand gun. 


Smith Welding Equipment Corp. 
Booth No. 102 


Feature: User and distributor bene- 
fits of company’s complete line of 
equipment for cutting, heating and 
welding will be stressed. A com- 
pletely new product, resulting from 
two years of research and testing, 
will be introduced. 


Sperry Products Co., Division of Howe 
Sound Co. Booth No. 112 


Feature: Exhibit of ultrasonic test- 
ing equipment and portable X-ray 
equipment for industrial use. 


Standard Steel Corp. Booth No. 119 


Feature: Display of ‘““Transportable 
Re-charger,”’ a truck-mounted vac- 
uum-jacketed liquid-oxygen tank, 
designed for low and medium-pres- 
sure liquid delivery and high-pres- 
sure liquid or gas delivery. One man 
operates entire unit. 


Stoody Co. Booth No. 312 


Feature: Operating displays of au- 
tomatic and semiautomatic hard 
surfacing, semiautomatic method fea- 
tures process for rebuilding shovel 
teeth. Display of worn and rebuilt 
wearing parts from varied industries. 


Sylvania Electric Products, Inc. 
Booth No. 617 


Feature: Exhibit of complete line of 
tungsten electrodes for shielded-arc 
welding, including 2% thoriated, 
1% thoriated, ‘“‘Puretung”’ and “‘Zir- 
tung.”” Display emphasizes that 
partially used rods need not be 
scrapped for lack of identification. 


Tec Torch Co., Inc. Booth No. 619 


Feature: Showing of gas-cooled 
torches, designed to use standard 
TEC accessories; also, offset trans- 
parent nozzles and chucks used to 
convert straight gas-cooled and 
water-cooled torches into compact, 
45- and 90-deg angle torches. 


Tempil® Corp. Booth No. 407 


Feature: Demonstration of tem- 
perature indications by means of 
“Tempilsticks®,” ‘““Tempilaq®”’ and 
Tempil® pellets, ranging up to 2700° 
F. The ““Tempil® Basic guide to 
Ferrous Metallurgy” will be avail- 
able to visitors, in addition to other 
literature. 


Thermacote Co. Booth No. 511A 


Feature: Products manufactured 
for welding trade such as ‘“Thermo- 
Cut” grinding wheels, ““Thermo” 
nonbreakable spiral tip cleaners, 
welders’ filter plates and various 
types of spatter-proof cover lenses 
for welders’ helmets. 


Thomson Electric Welder Co. 
Booth No. 323 


Feature: Display of equipment 
specifically developed for electronics 
industry. This machine is a “‘pack- 
age” unit complete with integrally 
mounted controls, ‘““Baker dry-box,”’ 
and features a precision deflection- 
less welding head. 


John Tillman & Co. Booth 609 


Feature: Display of welders’ gloves 
and mittens. Also, other garments 
for welding will be shown: jackets, 
aprons and cape sleeves. Rod car- 
riers, head-gear pads and helmet 
bibs. 


Tweco Products, Inc. Booth No. 512 


Feature: Complete line of Tweco 
arc-welding accessories. Special ac- 
tion displays will feature ‘““T'weco- 
tong” electrode holders with ball- 
point connection, cable connection 
supports, ground clamps and cable 
connectors. 


Uniflex Cable Division, 
Gar Wood Industries, Inc. Booth No. 107 


Feature: Complete line of low-re- 
actance “Kickless” resistance-weld- 
ing cables, shunts, connectors and 
quick-change adapters. Also, elec- 
tric-arc furnace and electro-plating 
cables. 


Unique Equipment, Inc. Booth No. 319 


Feature: Display of automatic 
welding positioning equipment such 
as positioners and turning rolls. 
Also, complete action pictures in 
some of larger plants where equip- 
ment is in use. 


United Wire & Supply Corp. 
Booth No. 409 


Feature: Display of “Sil Bond” and 
“Phoson” silver brazing alloys in 
rod, wire and strip; also, pre- 
formed rings, washers and shapes; 
“Sil-Flux” silver-brazing flux. 
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CONVENTIONAL “Wd 
CONTROL 


WELD STRENGTH, LB. 


Test results compare consistency of welds made with conventional 
control and Monautronic V-2 control over an eight-hour production 
period. Notice the striking uniformity of Monautronic-controlled welds.* 


2200 

x 

uj 2000 

MONAUTRONIC 

CONTROL 

ra) 

= __1800 


10 A.M 
1) A.M. 
12 NOON 
1 PLM. 

2 P.M 

3 P.M 
4PM 

5 P.M 


new feedback control gives you consistently 
high quality welds... automatically 


4 The new Monautronic V-2 welding control makes use 

J i / of the latest advances in electronic computing to over- 
come automatically such obstacles to weld quality as 
line voltage fluctuation, electrode wear, variations in electrode 
tip force, surface finish and shunting. 


The control compensates for undesirable variations usually en- 
countered in resistance welding by maintaining voltage across a 
weld at a constant value. This constraint of voltage amounts to 
constraint of final weld temperatures, and such temperature 
control assures uniform production of high quality welds. 

Any metal that can be resistance welded can be welded better with 
the Monautronic V-2 than with any other control on the market. 


For complete details, contact THE BUDD COMPANY, Elec- 
tronic Controls Section, Philadelphia 32, Pa., or one of our 
regional offices. *Case study upon request. 


eLecTRONIC A | 
2450 Hunting Park Ave. 12141 C Ave. 3050 East 11th St. 
Philadelphia 82, Pa. sis Detrok 14, Mich. Los 23, Cal, 


For details, circle No. 14 on Reader Information Card 


Monautronic V-2 welding control has fully 
automatic sequencing with all provisions 
for single spot, roll spot and seam welding. 
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Vacuum Tube Products Division, 
Hughes Products Booth No. 610 


Feature: Model VTW-14 shielded- 
arc power unit for welding ultrathin 
sections will be in operation. Unit 
features stepless adjustment of d-c 
output from 0.25 to 25 amp (max) 
with automatic RF start and drop- 
out. 


Booth No. 522 


Victor Equipment Co. Booth No. 314 


Feature: Display of Victor oxygen 
cutting and flame-welding equip- 
ment; gas regulators for high pres- 
sure, large volume; hard-surfacing 
alloy products; ‘‘Victormatic”’ semi- 
automatic welding machine; 
straight-line and shape-cutting ma- 
chine. 


Vickers, Incorporated 


Wall Colmonoy Corp. Booth No. 201 


Feature: Model D Spraywelder, 
complete line of hard-surfacing 
alloys which are nickel-base, cobalt- 
base and iron-base; and complete 
line of “‘Nicrobraz’’ high-tempera- 
ture brazing alloys. 


Weldex Division, 
The Metal Craft Co. Booth No. 109 


Feature: “Spike power” resistance 
welding which features millisecond 
pulses, thereby reducing input- 
power requirements and electrode 
heat. 


Welding Alloys Mfg Co. 
Booth No. 120-A 


Feature: Display of aluminum 
welding wire in 1-lb spools and 10-lb 
spools. Also, cylinder trucks and 
hose in cut lengths will be shown. 


Welding Design & Fabrication 
Booth No. 101 


Feature: Free copies of ““Welding 
Design & Fabrication’’ magazine, 
30-yr anniversary issue. Display of 
920-page 1960/61 “Welding Data 
Book.” 


Welding Engineer Publications, Inc. 
Booth No. 804 


Feature: Newly revised editions of 
“The Welding Encyclopedia,” Jef- 
ferson’s “Gas Welding Manual” 
and “‘Oxyacetylene Welder’s Hand- 
book.”” Also, “Welding Engineer,”’ 
monthly magazine. ‘““The Welding 
Distributor,’ merchandizing publi- 
cation; and “Welding Engineer” 
Data Sheets. 


Weldmatic Division, 
Unitek Corp. Booth No. 521 


Feature: Display of miniature 
stored-energy resistance-welding 
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machines; also, handpieces, welding 
heads and power supplies for port- 
able or bench applications. Ma- 
chines designed for welding metals 
ranging from 0.0001 to 0.050 in. 


Martin Wells, Inc. Booth No. 419 


Feature: ‘“Tong-Grip” electrode 
holders in complete range up to 500 
amp; in both copper and alu- 
minum alloy; choice of mechanical, 
wedge, solder and crimp connec- 
tions. Also “Rod Saver’ and 
“Suregrip” electrode holders. 


Welsh Manufacturing Co. Booth No. 408 


Feature: Display of 5050 Soft I 
welders’ cover goggles, “Cyclops” 
welders’ cover goggles, “Spartan” 
face shield, style 7100 “‘Air-Raider” 
dust respirator and style 7200 ““Ban- 
tam”’ respirator. 


Weltronic Co. Booth No. 114 


Feature: Weltron arc-fusion spot 
unit. Gun has cold wire filler ta- 
chometer feed-back controlled mo- 


tor, automatic positioning and re- 
tracting of filler wire, read-out speed 
indicator, water-cooled, high-fre- 
quency start, pilot arc. 


Westinghouse Electric Corp. 
Booth No. 115 


Feature: Display of Westinghouse 
welding equipment, arc-welding 
electrodes, and X-ray testing equip- 
ment. 


Listed below are the names of 
companies whose booth descrip- 
tions were not available in time 
to include with the preceding list: 


Elmet Div., North American Philips 
Booth No. 514 
Flood Safety Products Co. Booth No. 514 
Kaiser Aluminum and Chemical Sales, 
Inc. Booth No. 500 
Lummis Mfg. Co. Booth No. 514 
Page Steel and Wire Div., American Chain 
and Cable Co., Inc. Booth No. 514 
Steffan Mfg. Co. Booth No. 803 
C. H. Stevens & Co. Booth No. 403A 


Section % Goal 


United Engineering Center Building Fund 
Twenty Leading AWS Sections—As of Feb. 1, 1960 


Section 


Hartford 

Kansas City 

Puget Sound 
Colorado 

Niagara Frontier 
St. Louis 

Holston Valley 
North Central Ohio 
Olean-Bradford 
Pascagoula 


118 
102 
102 
101 
101 
101 
100 
100 
100 
100 


Sangamon Valley 


| Philadelphia 


| Dayton 


Syracuse 
Toledo 
Wichita 
Detroit 


Northern New York 
New York 
Maryland (Baltimore) 


If not, do your part to put it there. 


The District Directors are actively supporting Vice-President A. F. 
Chouinard in this important drive for funds. 


Is your Section in this list? 


CONTRIBUTE NOW TO THE NEW HOME OF AWS! 


In consideration of the gifts of others I intend to give to 
UNITED ENGINEERING CENTER BUILDING FUND 


Paid herewith $ 


Dollars $ 
Balance will be paid as follows 


Credit my gift to: 
OAWS 


AG 

1 
100 
100 
100 
= 
89 
86 
81 
77 
59 

Be 

Print Name | 
Ries 
| | 
| 
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NO. 4 OF A SERIES 
“How to Design Welded Aluminum Structures” 


Composite Stress-Strain Curve 
Provides More Realistic Design of 
Welded Aluminum in Compression 


Mr. Harry N. Hill, 
Engineering Design 
Division Chief, 
Alcoa Research 
Laboratories, 
Aluminum Company 
of America, reports 
research findings 
presented at the 1959 
annual meeting 


In determining the strength of welded 
compression members, the design con- 
cepts discussed in earlier Alcoa articles 
on “‘reduced-strength zone” and “‘10-in. 
gage length yield strength” are used. 
Just as with tension members, the 
strength of a welded compression mem- 
ber depends on the location and extent 
of the welds. 

Strength of columns or compression 
members at stresses above the propor- 
tional limit of the material is greatly 
influenced by the shape of the stress- 
strain curve. Tests at the Alcoa Re- 
search Laboratories years ago demon- 
strated that use of the ‘‘tangent 
modulus” in the column strength for- 
mula gives calculated strengths that 
agree closely with actual test results. 
The tangent modulus method for cal- 
culating column strengths is now quite 
widely accepted. 

The strength of a column with several 
pieces joined by longitudinal welds is 
controlled by the dimensions of the 
member and the stress-strain relation 
for the complete cross section. The 
stress-strain relation can be constructed 
as a composite curve of the heat-affected 
material in the reduced-strength zone 
and the material in the remainder of 
the cross section. Strength of the column 
can then be computed by the tangent 
modulus method, using this composite 
stress-strain curve. A family of column 
strength curves with different values of 
Ar/A, similar to those shown in the 
accompanying chart, are useful in de- 
signing. 

The chart shows the reliability of this 
method of calculation when applied to 
column specimens composed of two 
pieces of %-in.-thick 5456-H321 plate 
joined by a longitudinal butt weld. 
Several widths of plate were used to 
give different ratios of reduced-strength 
area (Ar) to total cross-sectional area 
(A). 


40 

35- 

30+ OF WELD 
a RECTANGULAR CROSS-SECTION 
= THICKNESS = % IN., WIDTH VARIES 
20 
— 
= 15 TEST RESULTS 
5 Ar/A 
© 0.00 

10F 0.42 

40.74 
1.00 
“| CURVES GIVE CALCULATED TANGENT 
MODULUS BUCKLING STRESS 
0 10 20 30 40 50 60 70 80 90 10( 1] 120 130 140 


SLENDERNESS RATIO 
STRENGTH OF LONGITUDINALLY WELDED COLUMNS OF 5456-H321 


Use of the composite stress-strain 
curve and the tangent modulus method 
indicates that most welded aluminum 
members under compression are not 
limited by the properties of the material 
in and adjacent to the weld. In fact, 
specimens with over 40 per cent of the 
cross section in the reduced-strength 
zone developed strengths more than 50 
per cent greater than those representa- 
tive of the material adjacent to the 
weld (A-/A=1.00). 

Strength of a column with transverse 
or other localized welds can be calcu- 
lated with principles applicable to col- 
umns of varying cross section. However, 
the method is too laborious for most 
ordinary design procedures. Simplified 
techniques suitable for design are de- 
scribed in the ASCE paper Designing 
Welded Aluminum Structures. 

Welds confined to the end of a pin- 


ended column have negligible effect on 
the strength of the member except to 
limit the maximum stress for a very 
short column to the 10-in. gage length 
yield strength of the welded region. 
Even columns with transverse welds 
at mid-length have surprisingly high 
strengths, if the length of the reduced- 
strength region is small compared to 
the column length. 

Future articles in this series of design 
concepts will feature strength of welded 
beams, fillet welds and design data. 

For top-quality aluminum welding 
products such as consumable electrodes, 
welding and brazing rods and fluxes, 
and solder and soldering fluxes, contact 
your nearest Alcoa sales office. For 
more complete information on Design- 
ing Welded Aluminum Structures, write 
Aluminum Company of America, 1762-D 
Alcoa Building, Pittsburgh 19, Pa. 


VWaALCOA ALUMINUM 


WELDING MATERIALS 


For details, circle No. 15 on Reader information Card 
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As reported to Catherine M. O'Leary 


PRESSURE-VESSEL 
FABRICATION 
Birmingham—On February 9th 


the regular monthly meeting of the 
Birmingham Section was held at 


Salem’s Restaurant Number Two. 
William R. Apblett, chief metal- 
lurgist, Foster Wheeler Corp., gave 
a very interesting and informative 
talk on ‘“Pressure-vessel Fabrica- 
tion for Nuclear Service.” The 
talk was illustrated by slides and 
movies and was well received by the 
membership. 


SECTION MEETING CALENDAR 


MAY 3 

WESTERN MASSACHUSETTS Section. Silhou- 
ette Restaurant, Thompsonville, Conn., “Welding of 
Dissimilar Metals and Welding of Cast Irons and 
Ductile lrons,”” L. M. Petryck, International Nickel 
Co., Inc. 


MAY 4 

SUSQUEHANNA VALLEY Section. Dinner 
meeting. Foot Hills Manor, Schickshinny, Pa. 
“One Hundred Years of Welding,” Harry Schwartz- 
bart, Armour Research Foundation. 

TULSA Section. “Aircraft Welding.” 


MAY 6 

NEW YORK Section. Annual Dinner. Cornish 
Arms Hotel, New York City. 

OKLAHOMA CITY Section. Dinner meeting. 
Swyden’s Restaurant, Oklahoma City. 
MAY 7 

LEHIGH VALLEY Section. Ladies’ Night. 

MARYLAND Section. Main Ballroom, Southern 
Hotel, Baltimore. 5th Annual Dinner Dance; in- 
stallation of officers. 


- MAYS 


NORTHWEST Section. Elks Club, Minneapolis, 
Minn. Happy Half Hour 6:00 P.M. Dinner 6:30 
P.M. Annual Meeting; election of officers. Enter- 
tainment. 


MAY 10 

DAYTON Section. Kuntz’s Cafe. Social 6:30 
P.M. Dinner7:00. Meeting8:00. Annual Quiz 
Program. 


MAY 12 

IOWA-ILLINOIS Section. LeClaire Hotel, Mo- 
line, Ill. “Progress in the Development of Covered 
Electrodes,” H. F. Reid, The McKay Co. 

J:A.K. Section. Aurora, Ill. “Compressed-air 
Carbon-arc Process,” E. J. Lehmkuhi, Arcair Co. 

SAGINAW VALLEY Section. Plant Tour. 

ST. LOUIS Section. Ruggeri’s Restaurant. An- 
nual Banquet, Past Chairmans’ Night, Old Timers’ 
Rally. Well-known speaker and entertainment 


MAY 13 
NORTH TEXAS Section. Family Night. 


MAY 14 

FOX VALLEY Section. Appleton Elks Club, Ap- 
pleton, Wis. Spring Dinner Dance. Installation of 
Officers. 

MILWAUKEE Section. May Party. 


MAY 17 
NEW HAMPSHIRE Section. 7:00 P.M. Queen 
City Motel, Manchester, N. H. 
NEW JERSEY Section. Essex House, Newark. 
Dinner 6:30 P.M. Meeting 8:00. 
OLEAN-BRADFORD Section. Plant Tour of Bo- 
vaird and Seyfang Mfg. Co., Bradford, Pa. Dinner 
7:00P.M. Emery Hotel, Bradford, Pa. 
YORK-CENTRAL PENNSYLVANIA Section. 


MAY 19 

RICHMOND Section. Westwood Club, Rich- 
mond, Va. Past-Chairman Night. Election of Of- 
ficers. 


MAY 20 

CHICAGO Section. Vogel’s Restaurant, Ham- 
mond, Ind. Dinner5:45P.M. “Automatic Weld- 
ing,” J. A. Headapohl, Hobart Bros. 

INDIANA Section. Plant Tour of Frigidaire Div., 
Dayton, Ohio. 

PEORIA Section. Annual Stag. 


MAY 21 

DETROIT Section. Annual Ladies’ Night. 

MAHONING VALLEY Section. Sixth Annual La- 
dies’ Night. 

PHILADELPHIA Section. Annual Dinner Dance. 
MAY 23 

SAN FRANCISCO Section. Dinner meeting. 
Installation of officers. 


MAY 26 

NIAGARA FRONTIER Section. The Cypress, 
Buffalo, N. Y. Dinner 6:45 P.M. Meeting 8:15 
PM. “New Development in Inert-gas Welding,” 
T. McElrath, Linde Co. 


MAY 27 
OKLAHOMA CITY Section. Stag Party. 


Editor's Note: Notices for July 1960 meetings must reach JOURNAL office prior to Apri! 20th, so that they 


may be published in the June Calendar. 
for each meeting. 


Give full information concerning time, place, topic and speaker 
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STEEL WELDMENTS 


Mobile—There was an excep- 
tionally large turnout of 81 members 
and guests for the January 21st 
dinner meeting of the Mobile Sec- 
tions. The Section was particularly 
honored to have LaMotte Grover of 
Air Reduction Co., New York, as 
guest speaker. He discussed the 
“Control and Correction of Dis- 
tortion in Steel Weldments.”’ Dur- 
ing his presentation, the speaker 
used slides to show shipyard fabrica- 
tion, heavy girder fabrication, and 
methods by which expansion, con- 
traction and cracking might be 
controlled in placing weldments. 
He also used schematic diagrams 
on a blackboard to further illustrate 
his answers to questions during the 
discussion period following the talk. 


WELDING DEVELOPMENTS 


Mobile—John J. Chyle, director 
of welding research for A. O. 
Smith Corp., gave a most informa- 
tive talk on “New Developments in 
Welding Here and Abroad” at the 
February 18th meeting of the Mobile 
Section held at Korbet’s Restaurant. 
Forty members and guests attending 
the dinner meeting heard Mr. 
Chyle’s talk on many new types of 
welding, including ultrasonic, high- 
frequency, foil-seam, magnetic- 
force, percussion contact, friction, 
thermo-compression, electroslag, 
electron-vacuum, arc-plasma and 
solid-fuel processes. 


ATOMIC ENERGY 


Los Angeles—The January 21st 
meeting of the Los Angeles Section 
held at the Rodger Young Audi- 
torium featured a talk on “The 
Industrial Applications of Atomic 
Energy.”” The subject was well 
presented by dual authors, Paul O. 
Morton and Reno Haines of Atomics 
International, a division of North 
American Aviation, Inc. Mr. Mor- 
ton, staff assistant, Sodium Reactor 
Experiment, spoke on the engineer- 
ing and cost phases, at the same 
time explaining the dangers that 
may be encountered from contam- 
ination and /or radioactive materials 
used. Mr. Haines, foreman of 
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total costs cut 


.. WITH PURECO CO, 


A recent test matched Pureco CO. Weld Shielding 
against three other methods: Two with manual stick 
electrodes—one with manual submerged arc. Each 
made an identical 100 ft., '4" fillet weld. COs trav- 
eled 40 inches per minute against 21.4 ipm for the 
fastest stick electrode. CO2 deposited 21 lbs. of metal 
per hour compared to 11.4 lbs. for submerged arc 
and 9.81 Ibs. for the fastest stick electrode. Consid- 
ering all cost elements, including overhead—Pureco 
COz Weld Shielding was 31 to 51% less than the 
others. 


Pureco CO, Weld Shielding Faster! 


The continuous wire welding process provides Sev- 
eral advantages over other welding methods. It needs 
no flux . . . provides an easily controlled arc. Welds 
are deep rooted and ductile. No time lost changing 
electrodes. 


Gas Cost Lower... Current Higher 


The cost of Pureco CO, is less than that of other 
shielding gases . . . gas consumption is low. Welds 
are slag free . . . no cleaning or chipping necessary. 
Currents frequently used on mild steel are about 
25% higher, causing higher burn-off rates and faster 
welding . . . deposition efficiency ranges from 90% 
to 95%. 


Speeds Automatic Set-Ups 
Pureco CO, Weld Shielding is ideal for both single 


and multi-pass applications, manual or automatic, 
with large or small diameter wires . . . CO2 can now 
be used for position manual welding, too! 

For complete information on the proper Pureco 
CO, supply system for your welding needs call your 
nearest Pureco representative—see your Yellow 
Pages under Carbonic Gas or ‘“‘DRY-ICE”’, or write: 


* Actual Pureco Test 


0 PRPuRE CARBONIC 
2 


Pure Carbonic Company, A Division of Air Reduction Company, Incorporated 


Nation-Wide Pureco CO=2 Service-Distributing Stations in Principal Cities 
General Offices: 150 East 42nd Street, New York 17, N.Y. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 


For details, circle No. 16 on Reader Information Card 
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MAKE PLANS FOR 41ST ANNUAL MEETING AND EXPOSITION 


The Arrangements Committee for the 41st Annual Meeting and Exposition in Los Angeles 
met on January 19th to review progress to date and to make further plans. Seated at 
head table are AWS Convention Committee Chairman Ed Dato, Banquet Committee 
Chairman F. McGinley, Los Angeles Section Chairman Dick Hayes, Arrangements 
Committee Chairman C. P. Sander, AWS Publicity Manager Art Phillips, and AWS Ex- 


position Manager R. T. Kenworthy 


maintenance and modification, 
Sodium Reactor Experiment, spoke 
on the welding phase of the experi- 
ment, explaining the importance of 
this subject in the welding of piping, 
etc., and the precautionary measures 
that must be observed in the 
fabrication of such vital parts. All 
welding personnel, regardless of 
experience must be specially trained 
for this type of welding and pre- 
cautionary measures are required 
in the welding of sodium piping. 
These welds must be 100% perfect, 
as any leakage after welding could 
be fatal. Receptiveness of the 
type of program given by these two 
men was well assured by the 
interest shown and the questions 
asked during the discussion period. 
The evening’s program was con- 
cluded with the showing of an 
interesting film in color, entitled 
the “Big Reach,” a film of the Air 
Forces attempt to reach the moon 
in the fall of 1958, presented through 


the courtesy of Douglas Aircraft, 
Inc., Long Beach Division. 


POWER SUPPLIES 


Berkeley—-On Monday evening; 
January 25th, 75 members and 
guests of the San Francisco Section 
met for dinner and meeting at 
Spengers Fish Grotto in Berkeley. 

Technical speaker was G. K. 
Willecke, director of Research at 
Miller Electric Mfg. Co., Appleton, 
Wis. His subject was “Arc Weld- 
ing Power Supplies.”” Items that 
were discussed were types of power 
supplies as applied to the various 
welding processes; also their limita- 
tions in so far as application to the 
various processes. The types of 
volt-ampere curves were discussed 
relative to particular applications. 
Types of rectifiers were also dis- 
cussed, noting the development of 
the selenium as well as the silicon 


type. 


During the question period, con- 
siderable discussion centered around 
tungsten inert-gas arc welding; not 
only from the power-supply stand- 
point but also those indications 
usually associated with d-c compo- 
nent found in a-c welding. 


POWER SOURCES 


San Jose—-The Santa Clara Val- 
ley Section met on January 26th 
at the Hawaiian Gardens in San 
Jose for dinner and meeting. 

Guest speaker was G. K. Wil- 
lecke, research director for the 
Milier Electric Manufacturing Co., 
Appleton, Wis. 

Dr. Willecke presented a most 
interesting résumé concerning the 
welding-power-source unit. He 
covered the period from early weld- 
ing equipment to the present day 
period of various types of trans- 
former and rectifier units. 

He pointed out that one of the 
biggest problems of welding-equip- 
ment users today is the lack of 
knowledge regarding what they 
are trying to accomplish basically 
with the power-source unit during 
the welding operation. Once this 
question is answered, he maintains, 
it is merely a matter of selecting the 
equipment to match the job. 

His approach to the subject, and 
his simple explanations with the 
use of the blackboard, held the 
interest of the audience. 


DINNER DANCE 
Denver—The February meeting 


APPLICATIONS OF ATOMIC ENERGY DISCUSSED IN LOS ANGELES 


The industrial applications of atomic 
energy were discussed by Paul O. Morton 
at the January 2lst meeting of the Los 
Angeles Section 
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On the same evening, Reno Haines spoke 
on the safety precautions required in 
the welding of sodium reactors 


Past-president C. P. Sander outlined 
progress being made by his Arrange- 
ments Committee for the forthcoming 
41st Annual Meeting 
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Technician of New York Testing Laboratories places 
Kodak Industrial X-ray Film, Type AA, in position. 


Keeping tab on trim tabs 


Rigid inspection of American Airlines’ jets includes 
radiography of trim tabs to reveal any accumulation 
of water from condensation. 


Radiograph shows area where con- 
densate is entrapped in honeycomb. 


At the altitude and speeds 
which jet aircraft fly, tempera- 
ture changes are frequent. This 
often means condensation — 
sometimes water accumulation 
in the honeycomb construction 
of the trim tabs. 


This is something American 
Airlines keeps track of in its 
periodic rigid inspections. Best 
way is by radiography. And 
New York Testing Laboratories 
was one company given the 
assignment. 

With a mobile X-ray unit, 
and using Kodak Industrial 
X-ray Film, Type AA, the 


inspection is made quickly and 


a lasting record obtained. 


In such inspections of assem- 
blies, in quality control, non- 
destructive testing, radiography 
provides a means of determining 
internal conditions. 


Producers of castings and 
makers of welded products find 
radiography a means of expand- 
ing their business and making 
sure only quality work is deliv- 
ered to the customer. 


Would you like to learn how 
radiography could help you? 
Contact your Kodak X-ray 
dealer or write us for a Kodak 
Technical Representative to call. 


Read what Kodak 
Industrial X-ray Film, 
Type AA, does for you: 


© Speeds up radiographic exami- 
nations. 


@ Has high film contrast, giving 
increased detail visibility and 
easy readability at all energy 
ranges. 


® Provides excellent uniformity 


© Reduces the possibility of pres- 
sure desensitization under shop 
conditions. 


EASTMAN KODAK COMPANY 
X-ray Division Rochester 4, N.Y. 


For details, circle No. 17 on Reader Information Card 
WELDING JOURNAL | 387 


| 
‘ 
48 
> = > i= 
A 
‘ 
TRAGEMARK 


Moisture ‘messes up“ 
electrodes, too, cuts 
welding profits. 


End costly reworks 
by drying rods in 


Mineral coated electrodes are 
thirsty. The instant you unpack 
them they start soaking up mois- 
ture .. . within 2 hours often as 
much as 13 times US allowable 
specifications. Moist rods cause 
porosity, under-bead cracking, 
rough welds, etc. Rod scrap runs 
high Production slows down. 
Reworks eat up profits. 


Storing rods in DRY -ROD 
OVEN prevents such losses, in- 
sures faster, finer workmanship 
at less cost. 


Write for new literature 
on latest rod-drying 
methods, “Dry Rod as 
Standard Welding 
Equipment.” 


PHOENIX PRODUCTS COMPANY 


4753 N. 27th St. * Milwaukee 9, Wis. 
For details, circle No. 57 on Reader Information Card 
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WELDING POWER SUPPLY IS THE TOPIC 


Attentive audience listens to G. K. Willecke at the January 5th meeting of 
San Francisco Section. Dr. Willecke spoke on arc-welding power supplies 


WEST COAST SPEAKER 


G. K. Willecke explains a point about 
welding-power sources at the January 
26th meeting of Santa Clara Valley Section 


of the Colorado Section took place 
on February 13th at Cavaleri’s 
Restaurant in Denver. This was 
the annual dinner-dance at which 
the members entertained their 
wives. The evening began with 
dinner at 7:30 P.M. and continued 
with dancing. A good time was 
had by all. 


STAINLESS STEELS 


Bridgeport—Harry F. Reid, Jr., 
of the McKay Co., York, Pa., 
was the guest speaker at the 
January 21st meeting of the Bridge- 
port Section held at the Fairway 
Restaurant. 

Mr. Reid’s talk on “Welding 
Stainless Steels’’ covered new elec- 
trodes versus the old. He used 
slides in conjunction with his talk. 


POWER SOURCES 


Glastonbury — The Hartford 
Section held its regular monthly 
meeting on January 19th at the 
Villa Maria Restaurant in Glaston- 
bury. 

Warren Sykes, chief electrical 
engineer for Miller Electric Manu- 
facturing Co., Appleton, Wis., gave 
a very informative talk on “Power 
Sources for Welding.” 


SHORT-ARC WELDING 


Miami—The South Florida Sec- 
tion met on January 29th at the 
Miami Pioneer’s Club. 

R. L. Vining, process engineer 
for Linde Co. at Birmingham, Ala., 
spoke on the ‘“‘Consumable Elec- 
trode, Gas-Shielded Short-Arc 
Process’”’ for use with aluminum, 
stainless and mild steel. Slides 
were used to illustrate Mr. Vining’s 
talk which was of general interest 
to those present. A very enlight- 
ening discussion period followed. 


FUTURE IN STEEL 


Miami—Twenty-one members 
and guests attended the February 
17th meeting of the South Florida 
Section held at the Pioneer Club. 

Technical speaker for the evening 
was Sam Boroughs, representing 
the Bethlehem Steel Co. Two 
interesting films were presented: 
“Fifteen Minutes with Bethlehem 
Steel,” and “Future in Steel.” 
Mr. Boroughs closed his program 
with the answering of questions and 
presenting each attending member 
with a souvenir book through the 
courtesy of Bethlehem Steel Co. 
Refreshments were served at the 
close of a very successful meeting. 
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This way to quality... 


Plan to visit our Booth 207, at the forthcoming AMERICAN WELDING SOCIETY’S 41st Annual 
Convention and Welding Exposition being held at the GREAT WESTERN EXHIBIT CENTER, Los 


Angeles, California— April 26 to 28—where you will see the many NEW items of our manufacture. 


One of the most versatile operators of the welding torch will be on hand to demonstrate his amazing 


artistry in hand cutting... a special section will be devoted to the demonstration of the latest in oxygen 


therapy equipment... and an experienced glass blower will put some of our air-gas apparatus through 


its paces. Many other programs of interest are scheduled for this contact booth, so come see us... 


We look forward to greeting 
old friends . . . and hope to meet 
many new ones. 


REMEMBER! BOOTH 2073 


SINCE 1910 


S54 DEPT. 


NAL welding equipment COMPONY... 212 rremont street san francisco 5 california 


For details, circle No. 18 on Reader information Card 
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An informal dinner was held by the Wichita Section prior to visiting the Derby Refining 


Co. plant on January 11th 


Chairman Jim Finke, right, presents 
past-chairman’s pin to Gene Nossaman 


FABRICATION OF ALUMINUM 


Moline—The February 11th 
meeting of the Jowa-IIlinois Section 
was held at the LeClaire Hotel. 
In spite of almost impassable streets 


due to the “big snow,”” 28 members 
and guests attended the dinner and 
36 were present for the meeting. 

Due to unavoidable circum- 
stances, the scheduled speaker Dana 
V. Wilcox was unable to be present, 
but arranged for Robert Hay to 
present a very interesting and 
informative talk on the cutting, 


ACR@©® general purpose spot-projection-butt-seam re- 
sistance welding machines. 


ACRO-ARC ® special purpose production welding ma- 
chinery employing automatic arc welding 


processes. 


ACROMATIC® special purpose production welding 
machinery employing resistance welding 


processes. 


ACRO-MAGNETIC ® magnetic force spot, projec- 


tion, and percussion welding machines. 


For details, circle No. 58 on Reader Information Card 
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welding and general fabrication of 
aluminum. 

Mr. Hay’s talk was accompanied 
by slides which were very graphic 
illustrations of the high points of 
his speech. 


QUALITY CONTROL 


Aurora—In spite of very bad 
weather, 47 members and guests of 
the J.A.K. Section turned out to 
hear an excellent talk by Wm. 
Norton of the Caterpillar Tractor 
Co., Decatur, Ill., on “Quality 
Control’ from a welding viewpoint, 
accompanied by some excellent 
slides. 

The J.A.K. Section has under- 
taken an extensive membership 
drive, with a goal of 100 members 
by June 1, 1960. At the time of 
the meeting, the membership had 
jumped from 65 to 81 members. 

The Mayors of Joliet, Aurora and 
Kankakee will soon be asked to 
sign proclamations honoring Na- 
tional Welded Products Month. 


PLANT TOUR 


Fort Wayne—The Anthony 
Wayne Section members met on 
January 21st at the Carriage Inn 
Restaurant in Fort Wayne, where 
they were addressed by Paul Lau- 
letta, manager of technical services, 
Joslyn Steel Co., on the production, 
uses and weldability of stainless 
steels. 

They then motored to the Joslyn 
Steel Co. mill, where Mr. Lauletta, 
assisted by Mr. Radu, general 
maintenance foreman, conducted 
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a very complete and informative 
plant tour for the 45 members and 
guests in attendance. 


INDUCTION HEATING 


Indianapolis—A dinner meeting 
of the Indiana Section was held at 
the Severin Hotel, on January 22nd, 
with 47 members and guests pres- 
ent. 

Following the dinner, there was 
a showing of a color and sound 
film provided by Hobart Brothers, 
Troy, Ohio, entitled “From Sea 
Sand to Better Welding.”’ 

Speaker for the evening was 
J. E. Dolan, sales engineer of 
Induction Heating Corp., Brooklyn, 
N. Y. His subject, illustrated by 
slides, was on “Induction and Di- 
electric Heating and Their Applica- 
tions.’’ His presentation was excel- 
lent and was followed by a long 
question-and-answer period. 


LADIES’ NIGHT 


South Bend—Members of the 
Michiana Section entertained their 
ladies at the January meeting 
held at Russ Restaurant on Jan- 
uary 2lst. After a very good 
chicken dinner, they were enter- 
tained by Mike May, a member of 
the staff of South Bend T'V Station, 


WSBT. With humorous “palaver’’ 
and songs, Mr. May regaled the 46 
members and guests who had braved 
a cold winter’s night to attend the 
meeting. 


MAINTENANCE PROBLEMS 


Des Moines—The regular 
monthly meeting of the Jowa Section 
was held in the Garden Room of the 
Hotel Kirkwood on January 2lIst. 
It opened with a social half hour 
followed by a buffet-style dinner. 

After a short intermission, the 
speaker of the evening, Robert 
Groman of the Eutectic Welding 
Alloys Corp., Flushing, N. Y., was 
introduced. 

Mr. Groman’s talk on “New 
Procedures for Solving Difficult 
Maintenance Welding Problems” 
was accompanied by slides and was 
well received. 


PLANT TOUR 


Wichita—Thirty-eight members 
of the Wichita Section toured the 


modern facilities of the Derby 
Refining Co. on Monday night, 
January llth. The tour was pre- 
ceded by a steak dinner at the 
Stockyards Hotel, at which time 
Past-chairman Gene Nossaman was 
presented his past-chairman pin. 
After dinner, they gathered at the 
refinery office of Derby for an 
informal description of the refinery 
process. Aided by working models, 
John Baker, maintenance engineer, 
explained step by step the processing 
of crude oil from the drilling rig to 
the modern catalytic cracking unit, 
“TA.” 


ALUMINUM STRUCTURES 


Louisville—The Louisville Sec- 
tion was honored by a visit from 
Fred Plummer, National Secretary, 
on January 14th. Mr. Plummer 
discussed the progress of the fund- 
raising campaign for the United 
Engineering Center. The Section 
was also privileged to have present 
H. E. Schultz, Director of District 
5, who spoke briefly on the member- 
ship status. 

Technical speaker for the evening 


“We, of Coyne Cylinder Company, sincerely hope you will visit booth 505 at the AWS Welding 
Show in Los Angeles, because nothing else tells our story better than your ‘seeing for your- 
self the outstanding investment value built into every Coyne Acetylene Cylinder.” 


“To make your visit with us even more helpful and informative please let 
us send you our literature in advance of ‘show time,’ Write or call now! 


COYNE 
cylinder y 


compan 


For details, circle No. 59 on Reader Information Card 


224 Ryan Way, South San Francisco, California. Plaza 6-6910 
155 West Bodley Avenue, Memphis, Tennessee. WHitehall 8-7789 
3800 Springdale Avenue, Glenview, Illinois. PArk 4-3828 

24 Commerce Street, Newark, New Jersey. Mitchell 2-1618 


WITH THESE LABOR-SAVING DEVICES! 
Bench Model 


POSITIONER 
TURNTABLE 


Holds work in any 
position—vertical to 
horizontal. Will carry 100 Ib. 
load. Smooth stepless speed change, both 
forward and reverse, from zero to 6 rpm 
(greater speed if desired). Weight 20 Ibs. 

Ideal for aircraft work. Reduces rejects, 
increases output up to 20%. Gear driven 
motor, V-belt transmission, tension control, 
built-in ground for uniform welds. 


g Small Work 


Pieces —then you need our 


“HANDY HAND” 


that holds up to 3-lb. work 
pieces at any angle—rigid — 
yet easily, quickly moved to 
any other desired position. 
Clamps to any 2” bench or 
table top. Its flexible and 
rotating head gives complete flexibility in 
any and all positions desired. 
DEALERS — Write for details 
For additional information, prices, etc., write 


SUPERIOR WELDING CO. 
3410 E. 14th St., Los Angeles 23, Calif. 


For details, circle No. $0 on Reader Information Card 
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SELENIUM 
WELDING 
STACKS 


—standard for the industry for 
more than seven years. 


SYNTRON welding Rectifier 


Specialists are ready to serve you. 


Write for information and 
specifications 


SYNTRON RECTIFIER DIVISION 


DF. BELT COMPANY 


Homer City, Penna 


258 Lexington Ave. 


Seles Engineers New York, Chicago 
Cleveland, Los Angeles and Canada 


For details, circle No. $1 on Reader Information Card 
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was Dana Wilcox of the Reynolds 
Metals Co., Richmond, Va. He 
described the techniques used in 
field fabrication of aluminum struc- 
tures, including off-shore oil pump- 
ing platforms, railroad cars and 
large tanks for shipping liquid 
methane. His talk was accom- 
panied by some very interesting 
slides. 


WELDING OF ALUMINUM 


Baltimore—The regular monthly 
meeting of the Maryland Section 
was held on January 15th at the 
Engineers Club of Baltimore. 
After-dinner speaker was R. J. 
Gunning, attorney for the Western 
Maryland Railroad, who gave some 
very interesting reports on rail- 
road regulations. His talk was 
followed by several questions on the 
government controls of railroads, 
which he answered to everyone’s 
satisfaction. 

The technical speaker was How- 
ard E. Adkins, welding specialist 
for the Kaiser Aluminum & Chem- 
ical Sales Co. Through Mr. Adkins’ 
talk on gas tungsten-arc and gas 
metal-arc welding of aluminum, the 
audience learned many interesting 
things. The selection of proper al- 
loys for particular jobs was dis- 
cussed. Steel welding was compared 
to aluminum welding. Recom- 
mendations were given for produc- 
tion use of equipment for this type 
of welding. The preparation of 
metal for welding and how to clean 
aluminum were explained. Porosity 
and its control, along with the 
recommendations for shielding 


gases, were gone over thoroughly. 


Filler wires and their selection for 
the proper job were gone into deeply 
as was the practical aspects and 


RECEIVES SCROLL 


A testimonial scroll was presented to 
charter member Jim Forand by the 
Worcester Section at a recent luncheon. 
Left to right are: Chairman E. C. Hall, 
Vice-chairman J. P. Belisle and Mr. 
Forand 


techniques for actual welding. 

Mr. Adkins showed a 12-minute 
film, in color, on the processes used 
to weld aluminum, which was also 
very enlightening. 


Massachusetts 


STAINLESS STEEL 


Boston—One hundred and 
twenty-one members and guests 
of the Boston Section met for dinner 
and 130 were present at the meeting 
held at the Hotel Bostonian on 
February 8th. District Director 
George Kirkley presented a short 
talk prior to the introduction of 
the main speaker. He discussed 
some of the coming events within 
the district, such as the New Eng- 
land Regional Welding Conference, 
which is held each Fall, and the 
possibility of having a national 
meeting in Boston in 1965, at 
which time the new $100,000,000 
Prudential Center will be com- 
pleted. 


HEAR TALK ON OXYGEN CUTTING 


Members of Worcester Section have dinner before hearing a 
talk on oxygen cutting by Richard L. Deily on February 8th 
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The main speaker of the evening 
was Fred J. Poss of the United 
States Steel Corp. His subject 
was “Stainless Steel— Another Look 
at Some Old Problems.” He elab- 
orated on some of the fabrication 
problems when using low-carbon 
stainless steels, such as forming 
characteristics and the formation 
of ferrite. He advocated the use of 
so-called “high-carbon” stainless 
steels, since in many cases this 
type of stainless is easier to weld, 
although attention must be given 
to the heat-sensitive zone. Some 
of the other topics which he covered 
were the type of welding employed, 
cooling rates, thermal expansion 
and conductivity, electrical resist- 
ance, thermo-cyclic corrosion and 
stress corrosion. The talk was well 
prepared and augmented with slides. 


TESTIMONIAL 


Worcester—On Dec. 30, 1959, 
the Worcester Section presented a 
scroll to James L. Forand, a charter 
member, who was transferred by 
the Pullman-Standard Car Manu- 
facturing Co. from its Worcester 
Plant to project manager at Ham- 
mond, Ind. 

The scroll was in grateful recogni- 
tion of his unselfish and invaluable 


services rendered to the Section, 
and for his continued efforts in 
advancing the science and art of 
welding. 


OXYGEN CUTTING 


Worcester—The Worcester Sec- 
tion gathered at Nick’s Grill on 
February 8th to hear Richard L. 
Deily, sales manager for Messer 
Cutting Machines, Inc., speak on 
“Oxygen Cutting.” Mr. Deily 
showed slides and a color movie in 
order to explain more fully the close 
tolerances within which the cutting 
machines operate. 

Mr. Deily drew the largest meet- 
ing the Section held this season, 
and all members and guests expecta- 
tions were fulfilled. 


PLANT TOUR 


Fleetwood—On January 21st the 
Detroit Section held a special tech- 
nical meeting in the form of a tour 
of the Fleetwood plant of the 
Fisher Body Division of General 
Motors. One hundred and fifty 
members and guests turned out 
for this annual event. It is in this 


WELDING CONTROLS 


Trends in resistance-welding controls as 
used in automotive industry was the 
subject discussed by (left to right), E. 
Deming, C. F. Paxton and L. R. Broniak 
at special technical meeting held by 
Detroit Section on February 18th. J. 
Cantalin, extreme right, presided 


plant that the bodies for the 
Cadillac automobile are made. 
Small groups were led through the 
“body in white’ areas where the 
most advanced techniques in weld- 
ing were being practiced. Resist- 
ance welding, employing wide ranges 
of guns, jigs and fixtures, shared the 
spotlight with other welding proc- 
esses, especially inert-gas metal- 
arc welding. Arrangements for 
the tour were made by John Can- 


Enables high speed production 
rebuilding Rollers 
and Idlers 


THE NEW REXARC MS-8 AUTOMATIC TWIN HEAD 
ROLLER REBUILDER— 

has many outstanding features, power operated fully 
The New Rexarc Automatic Flux Reconditioning System main- 
tains automatically an adequate flux supply at all times elimi- 
nating manual flux handling— 
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Revolutionary Profit Maker— 
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talin of Fisher Body Division, who 
heads the Detroit Section’s com- 
mittee for Special Technical Meet- 


ings. 


RESiISTANCE-WELDING 
CONTROLS 


Detroit—Three speakers were 
scheduled for the technical meeting 
of the Detroit Section held on 
Thursday, February 18th, in the 
Rackham Building of the Engi- 
~- neering Society of Detroit. The 
subject of the meeting was ‘“Trends 
in Resistance-welding Controls as 
Used in the Automotive Industry.” 
The speakers, all from the Wel- 
tronic Co., were L. R. Broniak, E. 
Denning and C. F. Paxton. 

Thirty-eight members and guests 
enjoyed their presentation which 
was profusely illustrated with slides 
describing modular construction of 
panels, advancement in design and 
use of components and comparison 
between today’s resistance control 
panels and those of 20 years ago. 
They also covered the design and 
operation of single control panels 
providing varied sequencing for 
multigun operation as demanded 
by the automotive industry and 
its unibody construction. 


MEETINGS TO DATE 


Saginaw—The Saginaw Valley 
Section held a meeting on Sep- 
tember 24th, 1959, with 68 members 
and guests present. James Keebler, 
managing editor of Automation 
Magazine, spoke on “Welding and 
Automation.” 

The next meeting of the Section 
was held on November 12th, with 
69 members and guests present. 
District Director James M. Alcock 
of the Saginaw Welding Supply Co. 
presented a thoroughly enjoyable 
and enlightening slide-illustrated 
program on his recent trip to 
Russia and Europe. The program 
highlighted some of the “behind 
the scenes” activities and also an 
awakening moral. 

Seventy-eight members and 
guests were present at the January 
14th meeting at which Robert 
McMaster, professor of welding 
engineering at Ohio State Uni- 
versity, spoke on ‘‘Nondestructive 
Testing of Welds.”” Dr. McMaster 
has specialized in this subject and 
did an excellent job of presentation. 

Earl Warrick, manager of Dow 
Corning’s new Hyper-pure Silicon 
Metal Division, was the speaker at 
the December 10th meeting. Dr. 


They mean 
National Carbide's 
calcium carbide 


Always 
nearby— 
in the 
BIG 
RED 


NATIONAL CARBIDE COMPANY 


A DIVISION OF AIR REDUCTION COMPANY, INC, 
150 East 42nd Street, New York 17, N.Y. 


DRUM. 
Wire for 
supplier... 


For details, circle No. $3 on Reader Information Card 


394 | APRIL 1960 


Warrick presented an interesting 
program pertaining to the origin, 
uses of, manufacturing techniques 
and potential of pure silicon metal. 


Being a top executive, with a 
wealth of experience, his presenta- 
tion was “‘top notch.” 


QUIZ PROGRAM 


Saginaw quiz program was 
the feature of the February 11th 
meeting of the Saginaw Valley 
Section held at the High Life Inn. 
Four teams, one each from the 
major cities of Bay City, Saginaw, 
Midland and Flint, were given 
prearranged questions. Their 
answers were judged by three 
members and the teams awarded 
points. The Flint team won and 
will receive free dinner tickets to 
the next Section meeting. 

The teams were composed of 
the following: Bay City—James 
Quigley, Harold Kleinert, James 
Morrissey; Midland—Ray Ladd, 
Lloyd Lockwood, Robert Woolard; 
Flint—Pierce Glefke, Fred Wil- 
liams, Don Campbell; Saginaw— 
Harold Macauley, Floyd Mack, 
Robert Blair. 


WELDING OVERSEAS 


Detroit—One hundred and 
twenty-eight Detroit Section mem- 
bers, their ladies and other guests 
were treated to an outstandingly 
interesting evening on February 
12th with James N. Alcock, presi- 
dent of Saginaw Welding Supply 
Co. Mr. Alcock was a member of a 
group of Saginaw businessmen who 
toured Europe last summer, and 
took a good look behind the 
*‘All-welded Iron Curtain.’”’ While 
the more important aspects of 
Paris were adequately treated, Len- 
ingrad, Moscow and Prague were 
revealed in significant ways which 
national magazines and professional 
travelers seem to have missed. 
Mr. Alcock’s way with a camera and 
his instinct for getting at what lay 
behind the surface held his audience 
throughout the presentation. In 
turn, he was held by questioners 
until the closing of the building was 
threatened. He acknowledged the 
excellence of some Russian progress, 
but he also displayed evidence of 
shoddy workmanship, antiquated 
equipment and little personal goods 
for the masses. While his group 
moved with surprising freedom, the 
existence of constant police regula- 
tion of the daily lives of the people 
extending to hometown visits, and 
dining out, was seldom hidden. 
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GAS COMBUSTION 


Minneapolis — The _ regular 
monthly meeting of the Northwest 
Section was held at the Elks Club on 
January 11th. John B. LaPota, 
research supervisor for National 
Cylinder Gas Co., gave a very 
interesting talk on various gases 
and their heat ranges. Colored 
slides were used to show heat 
ratios of gases when mixed with 
oxygen. 


METHODS ENGINEERING 


St. Louis—Donald E. Cox, chief 
industrial engineer for the Cater- 
pillar Tractor Co., Milwaukee, Wis., 
was the speaker at the dinner 
meeting of the St. Louis Section 
held on January 14th at Ruggeri’s 
Restaurant, where $9 members and 
guests were present for dinner and 
109 for the meeting which followed. 

The title of Mr. Cox’s talk was 
“Methods Engineering as Applied 
to Welding.” His discussion 
covered an over-all concept of the 
subject. He stressed the impor- 
tance of welding as a tool of fabrica- 
tion. 


SPRAY METALLIZING 


Newark— Moses A. Levinstein 
of the General Electric Co., Sche- 
nectady, N. Y., was the speaker at 
the January 19th meeting of the 
New Jersey Section held at the 


SPEAKS IN ST. LOUIS 


Methods engineering as applied to weld- 
ing was the subject discussed by Donald 
E. Cox at the January 14th meeting of 


St. Louis Section. Left to right are: 
Section Chairman Harley Castle, Mr. Cox 
and Program Chairman Ned Nyberg 
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Now, you can make fast, positive power connections to any 
metal panel or housing without special insulating materials. 
Simply punch outa hole and insert a Cam-Lok self-insulated 
Receptacle! Uses standard electrical lock-nuts, affords 
“‘dead-front” protection. Push in and twist Cam-Lok 
mating Plug and you've made a locked connection, which 
can be released quickly. 


New Cam-Lok Receptacles eliminate costs of special 
insulating panels and reduce assembly time. Patented, 
high-pressure contact assures minimum resistance and 
heating. 
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for new Bulletin No. 301. 


“Dead Front” design for fast 
direct mounting on... 
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Visit the Cam-Lok Booth 403 at the 
Los Angeles Welding Show, April 26-28 
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priced! 


THOMSON manufacturing capabili- 
ties have resulted in reduced costs 
on their resistance welding machines 
of long recognized quality... 


SPOT PRESS 
PROJECTION FLASH-BUTT 
SEAM HIGH-FREQUENCY 
For ail AUTOMATED and HIGH- 
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either special or standard design 
— THOMSON QUALITY is within 
your budget. A quote from 
THOMSON will show you how. 


Look for our nearest representative 
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NEW JERSEY SPEAKER 


M. A. Levinstein spoke on spray 
metallizing at the January 19th 
meeting of New Jersey Section 


Essex House in Newark. He spoke 
on “‘Spray Metallizing—A Research 
and Development Tool.” 

He outlined some of the problems 
confronting the application of ma- 
terials to very high temperature 
and oxidizing environments, and 
showed how the use of spray metal- 
lizing has made it possible to 
produce certain critical components 
such as jet-engine turbine buckets. 

The presentation was concluded 
with an interesting color, sound 
movie that demonstrated the testing 
procedures employed to evaluate 
the various types of materials as 
turbine buckets in an engine test 
cell. 


New Mexico 


REFRACTORY METALS 
Santa Fe—Members and guests 


of the Albuquerque Section met with 
members of the Los Alamos Chapter 
of the American Society for Metals 
at the picturesque La Posada Inn, 
located in old Santa Fe, on Jan- 
uary 13th. 

Allen C. Levy, Manager of Mate- 
rials and Fabrication, Hughes Tool 
Co., Aircraft Division, Culver City, 
Calif., presented the very timely 
topic, ““Welding and Fabrication 
of Refractory Metals.” 

Mr. Levy cited the many prob- 
lems encountered in the early 
development of welding and fabrica- 
tion processes for zirconium, molyb- 
denum, tungsten, tantalum and 
columbium alloys used in high- 
temperature service, and described 
in detail the current state of the 
art and science. 

Supplemented with many slides 
and graphs, this technical presenta- 
tion, together with discussion, 
proved to be highly enlightening to 
the membership of both societies. 


DINNER DANCE 


Roosevelt Field—-Two hundred 
and ninety members, wives and 
guests attended the Long Island 
Section Annual Dinner-Dance held 
on January 30th at the Starlight 
Room of the Sky Club, Roosevelt 
Field. 

Attendance at this, the second 
such annual affair, almost doubled 
the previous year’s showing. 


APPLIED WELDING 
ENGINEERING 
Bellmore—The regular monthly 


AWS AND ASM GROUPS HOLD JOINT MEETING 


The Albuquerque Section of AWS and the Los Alamos Chapter of ASM met jointly on 
January 13th to hear Allen C. Levy speak on welding and fabrication of refractory metals. 
Among the officers present were, left to right: A. R. Pfluger, B. A. Rose and V. G. Nelson 
of AWS; Speaker Levy; T. |. Jones, J. E. Hockett and R. D. Reiswig of ASM; and W. H. 


O’Brien of AWS 


: 
‘ 
> 
: 


ALL ABOUT HARD-FACING 
and the best alloys for your job 


Stoody Company has long led the hard-facing industry in 
production of a full range of hard-facing alloys for manual, 
semi-automatic and fully automatic welding. Each alloy 
is designed for a specific wear problem or combination of 
conditions. Choice of the correct material can mean up to 
several hundred percent more wear life! 

To help you select the best Stoody Alloy for your job, 
literature is available on each, describing properties, 
typical applications and providing complete welding data. 
To obtain your free copies, see your Stoody Dealer (check 
the Yellow Pages of your phone book) or write direct. 


For manual, 


semi-automatic and 


fully automatic 


applications 


At the AWS Show: BOOTH 312 STOODY COMPANY 


11986 East Slauson Avenue + Whittier, California 


COATED TUBE STOODITE—An eco- 
nomical high alloy electrode 


STOODY 
BORIUM 


Covers the many types of 
Stoody Alloys containing 
tungsten carbide for manual, 
semi-automatic and auto- 
matic welding. Preferred for 
maximum resistance against 
earth abrasion. 


STOODY HARD-FACING GUIDE BOOK 
A compilation of proven 
hard-facing techniques on 
equipment used in earth 
moving, road building, rock, 
cement, mining, dredging, 
brick and clay, etc. Invalu- 
able to all welders and weld- 
ing departments. 


STOODY NICKEL MANGANESE with 
iron powder coating. An im- 

manganese electrode 
aving extremely high phy- 
sicals; for strength welds or 
build-up on manganese steel 
equipment. 


STOODY 21—A low- 
cost manual elec- 
trode for use on 
all earth work- 
ing equipment. 


| $TOODY 1030—A 
manual elec- 
trode especially 
recommended 
for position 
welding on all 
large equipment. 
Deposits have 
high impact 
strength and good abrasion 
resistance. 


= i-)*| | for severe abrasion and im- 
— \ . pact. Widely used on crushers, 
== \ pug mill knives, conveyor 
+ screws, impact breaker bars, 

etc. 


STOODY ALLOYS FOR SEMI-AUTO- 
MATIC APPLICATION — Describes 
16 different Stoody Alloys 
made in continuous tubular 
wires for use in semi-auto- 
matic welders, using open or 
submerged arc. 8 pages. 


10 
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STOODY IRON POWDER BUILD-UP 
An economical electrode spe- 
cially designed for restoring 
size to worn parts. Makes 
high build-ups in a single 
pass at fast deposition rates. 
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STOODY ALLOYS 
FOR AUTOMATIC APPLICATION 
Describes a complete range 
of tubular wire alloys for the 
fully automatic welder. In- 
cludes procedures and typi- 
cal applications. 8 pages. 


STOODY 6 and 1— Two non-fer- 
rous chromium-molybde- 
num-tungsten alloys for 
resistance to elevated tem- 
peratures and moderate 
corrosion. 


STOODY ALLOYS—A 
pocket size edi- 
tion describing 
all Stoody AIl- 
| loys, giving gen- 
eral analysis, 
properties, typi- 
cal uses, rod types and sizes, 
coverage per pound, etc. 64 
pages. 
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MAGNETIC WELDING CLAMPS 


metallurgist at the 


dinner meeting of the Long Island 
Section was held on February 11th 


| at Sunrise Village in Bellmore. 


Guest speaker at the meeting 
was A. N. Kugler of the Air Reduc- 


| tion Sales Co., New York. Mr. 
Kugler discussed ““Applied Welding 


Engineering” by pointing up the 
four fundamental factors in welding: 
design, materials, workmanship and 


_ inspection, as applied to several 


commercially produced items such 
as a motorcycle frame and an 
electrical fuse box. Slides and film 


| supplemented the talk. 


The part played by the Society 


| regarding specifications, education 


and guidance was stressed. 
He also spoke of his observations 
and impressions at the International 


| Welding Conference this past sum- 


mer in Germany. 


NUCLEAR REACTORS 


Patriarca, 
Oak Ridge 
National Laboratory, explained the 
“Welding and Brazing of Nuclear 
Reactor Power Units” to the New 
York Section on February 9th. 
The meeting was held at Victor’s 
Restaurant. An appreciative group 
of 45 members and guests were 
rewarded with an enthusiastic pres- 
entation by Mr. Patriarca. His 


New York—Peter 


excellent talk was a well balanced 
| combination of wit and sound 


technical data. He described the 
basic reactor systems that are being 
used in present-day research facil- 


| ities and power plants. He pointed 
| out the components of those systems 
| in which welding and brazing are 
| important. 


Mr. Patriarca went on to describe 


| the methods employed in the manu- 
| facture of fuel elements for various 
| reactors. He pointed out the neces- 
| sity for environmental corrosion 


resistance of brazed joints and the 
procedures which are used to test 
the corrosivity of these joints. A 
number of interesting micrographs 
were shown giving the reaction of 


| various brazing-metal compositions 


exposed to air, water, liquid metals 
and molten salts. He thereby 
explained reasons for the preference 
of certain alloying constituents over 


_ others which promote corrosion. 


To climax his presentation, Mr. 
Patriarca illustrated the fabrication 
of aluminum-encased fuel elements 
by showing a movie entitled “Fabri- 


cation of Fuel Elements for the 
| Geneva Reactor.” 


Dinner-dance was held by Long Island 
Section on January 30th. Joe Jungbluth, 
left, winner of portable TV door prize, 
is shown with Russ Harrigan and Al 
Strickland 


meeting was held at The Castle 
in Olean. Following this, 23 mem- 
bers and guests assembled in 
the ‘““Throne Room”’ for the monthly 
dinner meeting. 

They were privileged to have 
John H. Berryman, general sales 
manager for the Air Reduction Co., 
give a slide-illustrated talk on 
machine tools used in welding. 
He stressed the fact that many of 
the rough-tolerance jigs and fixtur- 
ing normally associated with weld- 
ing must, of necessity and in due 
time, give way to actual close- 
tolerance tooling. This becomes 
important when a_ product, as- 
sembled by welding, requires pre- 
ciseness, quality and reproducibility. 
To obtain the results desired, weld- 
ing and the tooling associated with 
welding must be an integral part of 
the design of a welded product. 


WITH L. I. SECTION 


/ 


Art N. Kugler spoke on “Applied Welding 


| Engineering” at the February 11th meet- 
| MACHINE TOOLS ing of the Long Island Section. He is 


shown here, at left, assisting Section 
Olean—On January 17th, a Chairman Keith Berry in a drawing for a 
Olean-Bradford Section executive 


MACHINE COMPANY 
ARCADE, NEW YORK | 


free dinner ticket 
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MULTIOPERATOR WELDING | | 
Olean—After being served with | & AV E D 3 3 2 T Oo NS 


the usual fine “‘Castle Dinner,” it 
was the privilege of members and Eng. News-Record, Mar. 9, ‘50. 


guests attending the February 16th 
meeting of the Olean-Bradford Sec- 
tion to have A. E. Johnson as their 

dinner speaker. 
Mr. Johnson is manager of weld- 
ing equipment for the A. O. Smith 
Corp. He illustrated the important 
points of his talk with excellent 
slides of actual installations of the 
equipment being discussed. Several 
advantages of the multioperator 
¥ silicon-rectifier equipment were dis- 
cussed, as well as the facts for 
determining where this system 
should be applied. Of utmost 
importance were the original cost, 
long life and the extreme flexibility 
of the equipment, as well as the 
small amount of floor space required | 
and the little maintenance needed. 


POWER SUPPLIES 


Rochester—J.H.Blankenbuehler 
of Hobart Brothers gave a very 
interesting talk on ‘“‘Power Supplies 
for Arc Welding’ before’ the 
Rochester Section on January 18th. | 
Rochester was having its worst 
storm of the winter, but there were 
members who came from 100 miles | 
away. They were not disappointed | 

| 
| 


Baltimore, Md. 


Fisher, Nes & Campbell, Architects 


Welded 
Construction 


as Mr. Blankenbuehler covered the 
subject thoroughly, including a dis- 


cussion of the motor-generator, | 
rectifier and transformer units. | 
These three power sources were | 
compared and rated for many 


important operating details, thus 
enabling the listener to select the | 


It was announced that the An- 


nual Dinner-Dance would be held | 
am Apri 2nd at ‘The Party House.” and Produces BETTER BUILDINGS 


of officers will be held at The Lyons 
Den on April 18th at 6:30 P.M. | 
A bowling party will follow the 


meeting. | SEND FOR FREE DATA 
| SAXE WELDED CONNECTIONS 


1701 ST. PAUL STREET + BALTIMORE 2, MARYLAND 


|] Send me a copy of the new 1960 edition of the SAXE MANUAL 
WELDMENTS | FOR STRUCTURAL WELDING PRACTICE, as applied to Saxe Welded 


Cleveland—Members of the | Connection Units for Welded Assembly. 
Cleveland Section were hosts to local | 
design engineers of machinery and 


structural fabricators at their reg- ame Tite ‘ 

ular February dinner meeting, which Cc 

was held at the Cleveland Engineer- 

ing and Scientific Center on Feb- 5 

ruary 10th. 
During the business portion of | City heats State 


the meeting, Section Chairman T. | 
L. Dempsey, reviewed plans for the | 
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SPEAKS ON IMPROVED WELDING DESIGN 


LaMotte Grover, center, previews his talk 
on welding design for Technical Chairman 
A. Mellini, left, and Section Director 
Loren Miller, at February 10th meeting of 
Cleveland Section 


Section Director Charles Herbruck, left, 
checks name tag of new lady member, 
Janet Reed, while Section Chairman Tom 
Dempsey does same for long-time 
member Eva Karnatz 


DAYTON 


Gerald E. Scott spoke on localized 
stress relieving at the February 
9th meeting of Dayton Section 


forthcoming 21st Annual Welding 
Symposium on May 13th. 

Guest speaker for the technical 
session was LaMotte Grover, weld- 
ing engineer for the Air Reduction 
Sales Co. He discussed ‘Cost 
Reduction on Medium and Heavy- 
sized Weldments Through Improved 
Welding Design and Techniques.” 
The subject matter was of special 
interest to those in attendance since 
it stressed the relation between 
design and service conditions. 

The evening was highlighted by 
the addition of Janet Reed, recent 
Civil Engineering Graduate of Pur- 
due University, to the Section’s 
membership roster. She joins Eva 
Karnatz as the second feminine 
engineer in the Section. 


INDUCTION HEATING 


Dayton—-On Tuesday evening, 
February 9th, the Dayton Section 
met for a social hour, dinner and 
meeting at Kuntz’s Cafe. 

Technical speaker was Gerald 
E. Scott, project engineer with 
Hobart Brothers Co., Troy, Ohio. 
Mr. Scott gave an interesting and 
informative talk on ‘“‘Localized 
Stress Relieving and Heating Ap- 
plications Using the Induction 
Method.” The reasons for stress 
relieving and the many ways it 
may be accomplished were explained 
in detail. Also, the selection of the 
400-cycle motor-generator set as a 
power source was explained. Slides 
were used to illustrate the many 
applications and the versatility of 
the M-G set in the field for this 
type of work. These included pre- 
stressing of diagonal supports for 
river lock gates and heating for 
expansion of large-diameter shafts 
in generators. 
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Sixty members and guests at- 
tended the meeting and enjoyed 
a color movie “Pipeline,’”’ distrib- 
uted by one of the major oil com- 
panies, which showed the construc- 
tion of an oil line from Texas to 
Illinois. 


MACKINAC BRIDGE 


Warren-——A joint meeting of the 
Mahoning Valley Section and the 
Warren Chapter of the American 
Society for Metals was held at the 
Astoria Restaurant in Warren on 
January 21st. 

This was the first joint meeting 
in several years and an excellent 
turnout of 108 members and guests 
of both societies were on hand to 
view an excellent movie entitled 
“The Mackinac Bridge Diary.” 


Pau! Powell of the American Bridge 
Division of U. S. Steel was on hand 
to provide many interesting facts 
and sidelights on the building of 
this tremendous structure across 
the straits of Mackinac in Michigan. 

A cocktail hour preceded the 
meeting, and the officers and execu- 
tive committees of both societies 
were introduced by the respective 
chairmen. A preliminary announce- 
ment was made by Chairman Em- 
met Craig concerning the educa- 
tional program for this year during 
the months of March and April. 
A plant visit to Shipping Port 
outside Pittsburgh to the Atomic 
Energy Generating Station of the 
Duquesne Light & Power Co. is 
planned for the night of April 22nd 
and all members and guests are 
urged to attend. 


AWS-ASM JOINT MEETING HEARS TALK ON BRIDGE 


The fabrication of the Mackinac Bridge was described by Paul Powell at the January 
21st joint meeting of the AWS Mahoning Valley Section and ASM Warren Chapter. Left 
to right are: Jack Manternach, AWS and ASM; Tony Shields, ASM Chairman; Mr. 
Powell; Emmet Craig, AWS Chairman; and Jack Huna, AWS 
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CHOOSE WISELY ... AND YOU WILL CHOOSE MONEY-SAVING MANGANAL EVERYTIME ! 


11%-132% MANGANESE-NICKEL STEEL 
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e Cost less than new parts . . . provide stronger, longer-lastige replacements . . . outlast 
other steels under impact and abrasion. 
e Work-hardens to a high degree. Reduces maintenance costs. 
e Practically eliminates build-up welding. Keeps downtime to a minimum. 
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«929 Julia Street e Elizabeth, New Jersey 


For details, circle No. 20 on Reader Information Card 
WELDING JOURNAL | 401 


| 
| 
7 


WELDED PRODUCTS 


Bucyrus—The February meeting 
of the North Central Ohio Section 
was designated as Section Welded 
Products Month and all members 
were requested to bring any items 
of interest pertaining to products 
produced in the various plants. 

The meeting was held at the 
American Legion Home in Bucyrus 
and 42 members and guests en- 
joyed the usual delicious dinner 
provided by the Women’s Auxiliary. 
’ The Webster Manufacturing Co. 
of Tiffin, Ohio, presented a film on 
the development and use of con- 
veyor equipment, pointing out the 
tremendous impact that moving 
material has on our every-day life 
and our economical survival. 


WELDING OF ALUMINUM 


Speakers Richard C. Kasser, left, and 
Paul B. Dickerson, right, are shown with 
Chairman L. R. Constantine at February 
lst meeting of Lehigh Valley Section. 
The subject of their talk was ‘Increased 
Use of Aluminum Through Welding” 


The Shunk Manufacturing Co. 
of Bucyrus, Ohio, showed two 
films on some of their land clearing 
equipment. 

Solon McDonald of Cooper Bes- 
semer, Newark, Ohio, gave a most 
informative talk on the electric 
welding of cast iron and some of 
the problems they have encoun- 
tered. 

The Marion Power Shovel Co. 
of Marion, Ohio, presented a film 
on the development of their new 
shovel and lifting crane. 

Plans were laid for the Ladies’ 
Night social affair to be held at the 
American Legion Home, Bucyrus 
on May 7th, which will include a 
dance and buffet lunch for members 
and their wives. 


POSITIONING OF 
WELDMENTS 


Canton—I. W. Evans of the 
Morgan Engineering Co. of Alli- 
ance, Ohio, was the speaker at the 
Stark Central Section meeting held 
on January 13th at the American 
Legion, Post 44, Canton. 

His subject was “‘Welded Struc- 
tures and Conversions as Applied 
to Steel Mill Cranes.” 

With the aid of colored slides, 
he was able to show some of the 
interesting jobs that are being 
done by his company, and a few 
of the problems that are always 
present in the working of metals. 

Of interest was the positioning of 
the weldments and some of the 
unique procedures that are used. 

Mr. Evans also looked into the 
future, by mentioning that heli- 
copters would someday be used to 
move bulky masses of steel and, 


PHILADELPHIA PANEL 


Speakers at the February 5th Panel Meeting of the Philadelphia Section 


were G. L. Pease, J. L. Van Ullen and W. Spahr. 


W. Wilcox was the moderator. 


The subject was welded overlays of stainiess and high-nickel alloys 
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with proper use, become a handy 
tool for the manufacturer of heavy 
equipment who sometimes wishes he 
had a “‘sky hook.” 


Oklahoma 


WELDING OF STEELS 


Tulsa—An excellent attendance, 
including a large delegation from 
Oklahoma City, enjoyed the Feb- 
ruary meeting of the Tulsa Section 
held at Michaelis Cafeteria on 
February 3rd. 

H. F. Crick, welding engineer 
of Mosher Steel Co., presented an 
excellent talk, accompanied with 
illustrative slides, on ‘““The Fabrica- 
tion of “T-1,’ N-20 and Sheffield 
90 Steels.” 

Mr. Crick’s talk covered ll 
phases pertaining to shop fabrica- 
tion of T-1 steel, including oxygen 
cutting, forming, drilling and weld- 
ing. 


Pennsylvania 


WELDING OF ALUMINUM 


Allentown — Eighty - eight 
members and guests of the Lehigh 
Valley Section were present at the 
February 1st meeting held at Walp’s 
Restaurant. Coffee speaker was 
Andrew P. Smith, of Reynolds and 
Co., who gave a talk on “Planning 
Your Investment.” 

Featured speaker was Paul B. 
Dickerson of the Welding and 
Joining Section, Process Develop- 
ment Laboratories, Aluminum Com- 
pany of America. He was assisted 
by Richard C. Kasser, manager of 
Structural Section of Design and 
Sales Engineering. Their subject 
was “Increased Use of Aluminum 
Through Welding.” 

A movie on “Welding Advances 
with Aluminum’’—a report on cur- 
rent welding advances, was shown. 

Mr. Dickerson highlighted the 
uses and disadvantages of the dif- 
ferent types of welding processes. 
The use of semiautomatic tungsten- 
arc welding and consumable-elec- 
trode welding produces faster weld- 
ing and is applicable to thicker 
materials, different aluminum alloys 
and different positions of welding. 
Also these processes can be readily 
mechanized. 

Slides covering equipment, phys- 
ical properties of welds and base 
metals, correct applications of 
aluminum alloys, and the arc cut- 
ting of aluminum with tungsten- 
arc welding process were shown by 
Mr. Dickerson. 


For details, circle No. 21 on Reader information Card——> 
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Mr. Kasser discussed the avail- 
ability of shapes and alloys for many 
varied uses, the cost factors of 
aluminum structures in relation to 
- steel, and the factors affecting the 
cost of aluminum alloys. Slides 
depicting typical aluminum struc- 
tures were shown by the speaker. 


NATIONAL OFFICERS’ NIGHT 


Philadelphia— National Officers’ 
Night, an annual function of the 
Philadelphia Section, was held on 
Monday, January 18th, and proved 
very gratifying to those present. 
After a social hour and dinner, the 
meeting got under way at 8:00 
P.M. 

In the presence of 19 past chair- 
men of the Section, President C. 
I. MacGuffie presented Harry W. 
Pierce with the National Meri- 
torious Award for 1959. Mr. Pierce 
is a past chairman of the Section as 
well as past president of the Society. 


Mr. MacGuffie was also the 
technical speaker of the evening and 
presented a talk on a “‘Glimpse in 
the Future of Fusion Welding.” 


PANEL MEETING 


Philadelphia—Wayne Wilcox, 
product manager for Arcos Corp., 
was the moderator at the Panel 
Meeting of the Philadelphia Section 
held in the Engineers Club on 
February 5th. 

The timely subject ‘Welded 
Overlays of Stainless and High- 
nickel Alloys” was well covered by 
a competent group. 

George R. Pease, of the Hunt- 
ington Alloy Products Division of 
The International Nickel Co., Inc., 
covered the metallurgical aspects. 

Process and procedures were cov- 
ered by William Spahr of the 
Westinghouse Electric Corp., Steam 
Division, Lester, Pa., and J. L. 
Van Ullen, manager, Material Ap- 


NATIONAL OFFICERS AT PHILADELPHIA MEETING 


4 
: 


Philadelphia Section monopolized the top national officers of AWS at its January 18th 
meeting. Left to right, above, are: National Secretary F. L. Plummer, Treasurer Harry 
Rockefeller, Vice-president A. F. Chouinard, President C. |. MacGuffie, Past-president 


H. Pierce and Vice-president R. D. Thomas 


Vice-chairman Walter Wooding introduces 
the guest speaker of the evening, Presi- 
dent MacGuffie, who gave a talk on the 
future of fusion welding 
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Past-president Pierce is presented with 
the AMERICAN 


WELDING SOCIETY’s 
National Meritorious Award by President 


MacGuffie 
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plication Section, Knolls Atomic 
Power Laboratory, General Electric 
Co., spoke on service and perform- 
ance. 

It was interesting to note the 
growth of overlaying or cladding, 
particularly in the atomic applica- 
tions. It was particularly worthy 
to note the fact that a much higher 
degree of quality can be obtained 
by welded overlay in many applica- 
tions than can be expected in rolled 
clad material. 

The near full-house attendance 
at this meeting was very gratifying 
to all parties concerned. 


WELDING IN BERLIN 


Oakland—The Pittsburgh Sec- 
tion met on Wednesday, January 
20th, in the Auditorium of the 
Mellon Institute of Industrial Re- 
search. H.W. Thomasson, consult- 
ing engineer for the Canadian Wes- 
tinghouse Co., Hamilton, Ont., was 
the technical speaker. His subject, 
“Welding Activities in Berlin— 
Both East and West,” dealt with 
welding in Germany from both the 
practical and development angle, 
and was based on an extensive tour 
during which he had visited many 
plants and laboratories. 
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What Are the Advantages 
of Electron Beam Welding? 


““Un-weldable”’ is a word to be used with caution. 
Dissimilar materials, such as aluminum and steel, 
can now be fusion welded by electron bombardment. 
Pieces of widely varying thickness can be joined in 
a single pass. Foil is easy. And weldments, even of 
reactive and refractory metals, look and perform 
almost like a solid piece. 

These and other triumphs are possible with electron 
beam welders because: 


1. Operation under high vacuum prevents con- 
tamination, eliminates costs and uncertainties 
of inert gas. 


There is no electrode to contaminate the work. 
. Surface oxides are cleaned up. 


. Wide variations in total power and in power 
concentration are easily made. 


Spot size can be varied from 10 mils to more 
than 6 inches. 


Depth to width ratios of 2/1 are possible. 


What Have Been the Disadvantages? 


In most equipment the electron beam is generated 
by applying a high voltage between the work and 
the electron source, with the geometry of the latter 
focusing the beam. Disadvantages include: 

1. Gas bursts and metallic vapors cause frequent 
high voltage discharges. At best, these result 
in annoying interruptions, discontinuous 
welds, and short source life, and at worst, ex- 
tensive damage to the equipment. Attempts to 
reduce discharges by using large vacuum 


How Has NRC 


NRC has developed, proved, and applied for a patent 
onan electron beam welder which is as simple to oper- 
ate as a television set. It assures complete freedom 
from high voltage discharges and makes precision 
welding easy. Work geometry no longer is a problem; 
even corrugated pieces can be welded successfully. 


Secret of the NRC Welder’s success is its gun de- 


ELECTRON BEAM WELDER Lineor or circu or welds can be ELECTRON BEAM FURNACE Reactive 


pumping systems and automatic protective 
devices add greatly to equipment cost and 
complexity. 


Short focal lengths of 14 to 1 inch pose prob- 
lems in welding anything but flat pieces and 
simple cylinders. 


. Because the work piece is the anode, the 
electric field often changes as the weld pro- 
gresses. This affects the beam and makes 
precision welding difficult. 


Cured These? 


sign. Special shielding protects the gun against gas 
bursts and metallic vapors and prevents high volt- 
age discharges. Electro-magnetic focusing makes it 
easy to change the focal length from 1 to 10 inches 
and spot size from 10 mils up. Since the area below 
the gun is field-free, the electron path is unaffected 
by the shape of the work. 


NRC 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corp. — Dept. J-2 
160 Charlemont St., Newton 61, Massachusetts 
SALES OFFICES: Boston + Chicago « Cleveland « Detroit 
Houston « Los Angeles » New York « Palo Alto « Pittsburgh 


made at speeds of 0 — 0.5 inch per second with the or refractory metals can be melted in a 

standord Model 2405 Electron Beam Welder. Offered standard Model 2460 Electron Beam See us at booth 602 

with a choice of 1, 3, or 6 KW power supply, it is easily Furnace to produce ultra high purity Welding Show 

adopted for end or girth welding. ingots up to 3” in diameter and 14” in Great Western Exhibit Center 
length. Operation is easy and free from Los a California 


interruption. Special shielding prevents high 
voltage discharges. 
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These are some of the members and guests present at the 
January 19th meeting of the Johnstown Sub-Section of the 
Pittsburgh Section. They heard a talk on “Welding Activities 


in Berlin—Both East and West”’ 


Seated at the head table are Vice-chairman William Eggert, 
Chairman Percy Hershberger, guest speaker H. W. Thomasson 
and Secretary Bruce E. Betz. Mr. Thomasson came from 


Canada to address group 


STAINLESS-STEEL PIPING 


Oakland—-R. W. Emerson, vice- 
president and chief metallurgist 
of the Pittsburgh Piping & Equip- 
ment Co., was the guest speaker 
at the February 17th meeting of 
the Pittsburgh Section. An attend- 
ance of 44 were present at dinner 
held at Hotel Webster Hall. 
Eighty-seven members and guests 
were present at the meeting held 
in the Auditorium of the Mellon 
Institute of Industrial Research. 

Mr. Emerson spoke on “The 
Welding of Stainless Steel Piping 
for High-Temperature Steam and 
Nuclear Service.’”” The presenta- 
tion covered the application of the 
inert-gas tungsten-arc, manual me- 
tallic-arc and submerged-arc weld- 
ing processes for the welding of 
stainless-steel piping, as well as 
dissimilar-metal pipe joints. 


WELDING IN BERLIN 


Johnstown — The Johnstown 
Subsection of the Pittsburgh Sec- 
tion met on Tuesday evening, 
January 19th, at the Elks Home. 
H. W. Thomasson, consulting engi- 
neer for the Canadian Westing- 
house Co., presented a very in- 
formative and interesting talk en- 
titled ““Welding Activities in Ber- 
lin—-Both East and West.’”’ Three- 
dimensional colored slides aptly 
illustrated the talk. The interest 
and admiration shown by the audi- 
ence reflected the quality of both 
the speaker and his subject. 


INDUSTRIAL GASES 


York—On January 16th the 
York-Central Pennsylvania Section 
met at the Viking Club to hear a 
talk on “Industrial Gases’ by 
G. N. Howe of the Air Reduction 
Sales Co., Philadelphia. 

Mr. Howe described the produc- 
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tion, distribution and uses of seven 
gases commonly used in various 
welding processes. These are oxy- 
gen, nitrogen, argon, helium, hydro- 
gen, acetylene and carbon dioxide. 

Commercial uses of these same 
gases, other than for welding pur- 
poses, were brought out. It was 
interesting to note that in the 
case of oxygen, although its con- 
sumption by welding and related 
processes has risen rapidly in the 
last ten years, the percentage used 
by the welding industry is only 5% 
of the amount produced. Approx- 
imately 45% is used by the steel 
industry, but the biggest single 
field of use is in rockets which now 
consume 50% of the total. 

The necessity of purity require- 
ments of oxygen for flame cutting 
was emphasized. Dropping the 
purity by 1% would require a 40% 
increase in the amount necessary. 
Dropping purity to 88% would 
make flamecutting impossible. 


Mr. Howe’s talk was well il- 
lustrated with appropriate slides. 


EXOTIC METALS 


Providence —- The Providence 
Section held their monthly dinne’, 
meeting at Johnson’s Hummocks 
on Wednesday, January 20th. 

The Section was privileged to 
have Jay Bland, manager of weld- 
ing development, KAPL, General 
Electric Co., Schenectady, N. Y., as 
speaker. His talk was entitled 
“Welding or Joining of Exotic 
Metals.” 

Mr. Bland accompanied his talk 
with a series of slides illustrating 
the cost, and mechanical and phys- 
ical properties of exotic metals. 
He also showed slides of various 
types of dry boxes that are used 
in arc welding these metals. 

The meeting was followed by 
an interesting question-and-answer 


period 


DESCRIBES WELDING ACTIVITIES IN GERMANY 


Joe F. Minnotte, Joe W. Kehoe, H. W. Thomasson and Paul E. Masters are shown 
left to right, at January 20th meeting of Pittsburgh Section. A talk on 
“Welding Activities in Berlin—Both East and West"’ was presented by Mr. Thomasson 
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WELDING OF TURBINES 


Welding in the steam-turbine industry 
was discussed by R. J. Christoffel at the 
February llth meeting of Northeast 
Tennessee Section. Left to right are: 
Mr. Christoffel and Past-chairman Jay 
Leonard 


Tennessee 


HIGH-FREQUENCY CURRENT 


Kingsport—The Holston Valley 
Section held its monthly meeting 
on January 19th at Skoby’s Res- 
taurant in Kingsport. 

R. E. Purkhiser of Air Reduction 
Sales Co. spoke on “High Fre- 
quency—lIts Problems and Benefits 
in Gas Tungsten-arc Welding.” 

Twenty-eight members were at 
dinner, while about 40 attended the 
lecture. 


HEAT-AFFECTED ZONE 


Oak Ridge—The Northeast Ten- 
nessee Section held its regular 
monthly meeting at the Oak Terrace 
Restaurant on Tuesday, January 
12th. Forty-six members _thor- 
oughly enjoyed a most interesting 
and informative talk by Dr. Ernest 


DISCUSSES POSITIONING TECHNIQUES 


| 


February 9th meeting of North Texas Section featured a talk by A. K. Pandiiris 
on positioning techniques for automatic welding processes. Left to right are: 
J. C. Collins, Les Hudson, Mr. Pandjiris and Ed Mai 


LEADERS OF TWO SECTIONS MEET 


A joint meeting of the Executives Committees of the Madison and Fox Valley Sections 
was held on January 6th in Appleton, Wis., to coordinate respective programs for 1960. 
Shown above are, left to right: T. Krizenesky and G. Jacklin of the Fox Valley Section; 
F. Theiler, M. Vivian, C. Fenske and C. Seitz of Madison Section 
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F. Nippes, professor of metallur- 
gical engineering, Rensselaer Poly- 
technic Institute, on “The Heat- 
affected Zone.” 

Illustrating his talk with many 
excellent slides, Dr. Nippes covered 
the information given in his award- 
winning 1958 AWS Adams Lecture. 
He traced the techniques and equip- 
ment used to determine the physical 
and metallurgical properties of the 
heat-affected zone during the weld- 
ing and subsequent cooling cycle. 
Of particular interest was his expla- 
nation of the welding procedure 
used for T-1 steel in order to obtain 
the resulting tough, high-tensile 
weld with a tempered martensitic 
heat-affected zone structure. The 
talk also covered the welding of the 
300 series stainless steels with 
particular emphasis on Type 347 
stainless, pointing out the important 
role that columbium plays in the 
welding of this material. 


WELDING OF TURBINES 


Knoxville—The Northeast Ten- 
nessee Section met on February 11th 
at the Regas Restaurant in Knox- 
ville. Thirty-five members at- 
tended the dinner and meeting. 
The speaker for the evening was 
R. J. Christoffel, Materials and 
Processes Laboratory of the Large 
Steam Turbine-Generator Dept., 
General Electric, Co., Schenectady, 
N. Y. 

Mr. Christoffel’s informative 60- 
minute talk on “Welding in the 
Steam Turbine Industry” was sup- 
plemented by color slides. His 
talk was all encompassing in cover- 
ing the introduction to the steam- 
turbine generator, its design, func- 
tions and service conditions; fol- 
lowed by a discussion of the welding 
materials used, their composition 
and function in the welding of high- 
pressure high-temperature steam- 
turbine components. The base 
metals covered were carbon-moly, 
chrome-moly, austenitic stainless 
and the welding of dissimilar metals. 

Also covered were (1) the impor- 
tance of alloy content for welds for 
high-temperature service and the 
role each of the alloying constituents 
plays; (2) the effect of heat treat- 
ment on rupture strength, notch 
sensitivity, carbon migration and 
time at temperature. 


Texas 


POSITIONING TECHNIQUES 


Dallas—On Tuesday, February 
9th, forty members and guests of 
the North Texas Section gathered 
at the Western Hills Inn for their 
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AVAILABLE IN THE FOLLOWING DEGREES (°F) AVAILABLE IN THE FOLLOWING DEGREES (°F) 


319 | 575 | 977 | 1400 | 1800 225 313 | 400 950 | 1350] 1750 | 2250 


325 | 425 | 600 | 1000 | 1425 | 1850 238 | 319 | 413 977 | 1400 | 1800 | 2300 
331 | 438 | 650 | 1022 | 1450 | 1900 250 | 325 | 1000 | 1425 | 1850 | 2350 
338 | 450 | 700 | 1050 | 1480 | 1950 263 | 331 | 1022 | 1450 | 1900 | 2400 
344 | 463 1100 | 1500 | 2000 275 | 338 1050 | 1480 | 1950 | 2450 per tube of 
350 | 475 | 1150 | 1550 | 2100 282 | 344 1100 | 1500 | 2000 | 2500 

m 363 | 488 1200 | 1600 | 2200 288 | 350 1150 | 1550 | 2050 | 2550 20 pellets 
Tempilaq® Thinner 375 | 500 1250 | 1650 | 2300 294 | 363 1200 | 1600 | 2100 | 2600 

¥ 3a8 | 525 1300 | 1700 | 2400 300 | 375 1250 | 1650 | 2150 | 2650 
a Bottle rte EE ca | $80 1350 | 1750 | 2500 306 | 388 1300 | 1700 | 2200 | 2700 


Send for free Tempil” Pellets— 
state temperature desired, please 


EXEMPIL 


132 WEST 22nd STREET * NEW YORK II, N. Y. 
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TEMPIL 


Basic Guide to Ferrous Metallurgy 


WHITE HEAT RANGE 


& 
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LOWER TAANSFOR MATION Ay 


RANGE 


BRITTLE 


BLACK HEAT RANGE 


SUB-ZERO TEMPERATURE RANGE 
‘the lower the temperature, 


0.1 0.2 0.3 0.4 05 0.6 0.7 
PERCENT CARBON 


Copyright 1954, conroration, 132 West 22nd Street New York MY. 


TRANSFORMATION RANGE In this range steels undergo internal atomic 
changes which radically affect the properties of the material 


O ome TRANSFORMATION TEMPERATURE (A,). Termed Ac, on heating, Ar, 
on cooling. Below Ac, structure ordinarily consists of renarre and 
PEARLITE (see below). On heating through Ac, these constituents begin 
to dissolve in each other to form austentre (see below) which 1s non 
magnetic. This dissolving action continues on heating through the TRANS- 
FORMATION RANGE until the solid solution 1s complete at the upper 
transtormation temperature 


TRANSFORMATION TEMPERATURE (A,).  Termed Ac. on heating, Ar, 
on cooling. Above this temperature the structure consists wholly of 
AUSTENITE which Coarsens with increasing time and temperature. Upper 
transformation temperature is lowered as carbon increases to 0.85% 
(eutectord port) 


FERRITE is practically pure iron (in plain carbon steels) existing below 
the lower transformation temperature. It is magnetic and has very slight 
solid solubility for carbon 


@ run is a mechanical mixture of FERRITE and CEMENTITE 
@ cimenrire Of IRON CARBIDE 1s a compound of iron and carbon, Fe,C 


@ susrenre is the non-magnetic form of iron and has the power to 
dissolve carbon and alloying elements 


MORALING, frequently referred to as FULL ANNEALING, consists of 
heating steels to slightly above Ac,, holding for AUSTENITE to form, then 
slowly cooling in order to produce small grain size, softness, good ductil- 
ity and other desirable properties. On cooling slowly the AUSTENITE 
transforms to FERRITE and PEARLITE 


© woemsiiznc consists of heating steels to slightly above Ac,, holding 
for AUSTENITE to form, then followed by cooling (1m still air). On cool- 
ing, AUSTENITE transforms giving somewhat higher strength and hard 
ness and slightly less ductility than in annealing 


O sorcimc RANGE extends to several hundred degrees above the UPPER 
TRANSFORMATION TEMPERATURE 


O summine RANGE is above the FORGING RANGE. Burned steel is ruined 
and cannot be cured except by remelting 


MELIEVING consists of heating to a point below the LOWER 
TRANSFORMATION TEMPERATURE, A,, holding for a sufficiently long 
period to relieve locked-up stresses, then slowly cooling. This process is 
sometimes called PROCESS ANNEALING 


GLE ORITTLE RANGE Occurs approximately from 300° to 700°F Peening 
or working of steels should not be done between thee temperatures, 
since they are more brittle in this range than above or below it 


Q FOR is carried out to prevent crack formation See 
TEMPIL” PREHEATING CHART for recommended temperature for various 
steels and non-ferrous metals 


CARBURITING consists of dissolving carbon into surface ot steel by heat 
ing to above transformation range in presence of carburizing compounds 


MTRIOING consists of heating certain special steels to about 1000°F 
for long periods in the presence of ammonia gas. Nitrogen 1s absorbed 
into the surface to produce extremely hard “skins 


SPHEROIDIZING consists of heating to just below the lower transforma 
tion temperature, A,, for a sufficient length of time to put the CEMENTITE 
constituent of PEARLITE into globular form. This produces softness and 
im many cases good machinability 


MARTENSITE is the hardest of the transformation products of AUSTEN- 
re and is formed only on cooling below a certain temperature known as 
the M, temperature (about 400° to 600°F tor carbon steels). Cooling to 
this temperature must be sufficiently rapid to prevent AUSTENITE from 
transforming to softer constituents at higher temperatures 


@ STEEL contains approximately 0.85“, carbon 


FLAKING occurs in many alloy steels and is a detect characterized by 
localized micro-cracking and “flake-like” fracturing It is usually attrib 
uted to hydrogen bursts. Cure consists of cycle cooling to at least 600°F 
before air-cooling 


€ OPEN O8 RIMMING STEEL has not been completely deoxidized and the 
ingot solidifies with a sound surface (“tum”) and a core portion contain 
ing blowholes which are welded in subsequent hot rolling 


é€ MULED STEEL has been deoxidized at least sufficiently to solidify with- 
out appreciable gas evolution 


STEEL has been partially deoxidized to reduce solidification 
shrinkage in the ingot 


SHAPE RULE: Brincll Hardness divided by two, times 1000, equals 
approximate Tensile Strength in pounds per square inch. (200 Brinell 
2 X 1000 =< approx. 100,000 Tensile Strength, p.s.i.) 
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STUD WELDING IS THEIR TOPIC 


Stud-welding process was explained in detail by John Jenkins at 


January 15th meeting of Fox Valley Section. 


Left to right are: Joe Maras, Vice- 


chairman John Teigen, Mr. Jenkins and Chairman Max Kern 


regular monthly meeting. Guest 
speaker for the evening was A. K. 
Pandjiris, president, Pandjiris Weld- 
ment Co., St. Louis, Mo. 

Mr. Pandjiris’ talk was well 
illustrated with slides, showing posi- 
tioning techniques for automatic 
welding processes. He stressed the 
point that, to achieve the ultimate 
in quality production from the 
automatic processes, the arc, the 
work and the man must be properly 
positioned. A lively question-and- 
answer session followed. 


FILMS 


San Antonio—The San Antonio 
Section held its meeting on Mon- 
day, February ist, at Capt. Jim’s 
with 45 members and guests at- 
tending. 

The program for the evening 
consisted of two fine films. The 
first entitled “Shop Safety” dealt 
with the common shop mistakes in 
poor handling of materials; how 
poor housekeeping contributes to 
the high accident rate; the mis- 


AUTOMATIC WELDING 


Robert Wilson spoke before¥the Mil- 
waukee Section on February 19th. His 
topic was ‘‘An Evaluation of Recent 
Developments in Automatic Welding."’ 
He is shown after the meeting, at left, 
discussing the subject with two of the 
members 


handling of oxygen and acetylene 
cylinders and oxyacetylene welding 
torch. 

The second film “Fiery Magic,”’ 
was an interesting film showing the 
manufacturing and production of 
carbon from the raw material stage 
to the finished product. 


Wisconsin 


JOINT MEETING 


Appleton—A joint meeting of 
the Executive Committees of the 
Madison and Fox Valley Sections 
was held on January 6th at the 
Miller plant in Appleton. The 
purpose of the meeting was to co- 
ordinate respective programs for 
the year 1960, so that speakers 
could be present at the two sec- 
tions on consecutive nights and, 
thereby, make more efficient use 
of their time and eliminate travel 
expenses. 

This was a dinner meeting pre- 
ceded by a tour of the Miller plant. 


STUD WELDING 


Appleton—tThe regular monthly 
meeting of the Fox Valley Section 
was held on January 15th at the 
Elks Club in Appleton. 

A movie on “‘Welding Advances 
with Aluminum,” furnished through 
the courtesy of the Aluminum 
Company of America, was fol- 
lowed by a talk by John Jenkins, 
manager, Technical Service, Nel- 
son Stud Welding Division. of Greg- 
ory Industries, Inc., of Lorain, 
Ohio, on “The Stud-welding Proc- 

Mr. Jenkins mentioned how stud 
welding was first introduced shortly 
before World War II and has 
since come into wide use. 


In his talk, he covered the 
history, complete description and 
present day applications for the 
process. 


AUTOMATIC WELDING 


Milwaukee The Milwaukee 
Section held its regular meeting on 
Friday, February 19th, at the 
Ambassador Hotel. An enthusi- 
astic turnout of 105 members and 
guests enjoyed the usual buffet 
dinner, after which Miles Hen- 
ninger, patent attorney, gave a 
historic talk on the more famous 
patents; their conception, use and 
rewards, if any, for the inven- 
tors. 

This was followed by an interest- 
ing lecture by Robert Wilson, vice- 
president of The Lincoln Electric 
Co., an “Evaluation of Recent 
Developments in Automatic Weld- 
ing.” Mr. Wilson discussed the 
various speeds of the new auto- 
matic welding processes as com- 
pared to manual stick-electrode 
metal-arc welding by the use of 
charts and graphs. He then il- 
lustrated the uses of these processes 
by slides, explaining in detail 
each of the applications shown. 
The keen interest in the lecture 
was shown by the response in the 
question-and-answer period, and the 
usual session after the meeting 
adjourned. 


Late News on 
UEC Fund Drive 


@ Officers of the Detroit Sec- 
tion, at a recent meeting, 
presented a check for $2500 
to District Director Jim 
Alcott, boosting their UEC 
building fund collections to 
99% of goal. 

@ At the February 10th meet- 
ing of the Syracuse Section 
chairman Frank R. Fudesco 
presented a check for $400 
to District Director Joe Ke- 
hoe, making Syracuse the 
first in District 3 to meet 
their quota in the building 
fund drive. 

@ The Birmingham Section, 
one of the first to contribute, 
has presented a_ second 
check. 

@A report from District Direc- 
tor Robinson indicates that 
San Francisco and Santa 
Clara Sections are making 
good progress and may soon 
join the Sections nearing 
their goals. 


Fred L. Plummer 
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STANDARD SPECIAL PURPOSE STEEL MILL 


Machines Pay For 
One Year? Two Years? 


a estimates Messer Statosec will pay for itself in eighteen months 


Yes, American Machine and Foundry has achieved results far beyond 
expectations from the Messer oxygen cutting machine shown here. This 
Statosec unit turns out dies (for cigar wrappers) at a rate far faster 
than they were formerly produced. Cost savings are such that the 
Messer machine can pay for itself in only 18 months—a factor that can 
contribute substantially to profits! 


Don’t Spend Money... Make Money! Users find that Messer oxygen 
cutting equipment makes money for them. For precision and accuracy, 
Messer machines have no equal. But more important, their use permits 
automated cutting operations that can greatly reduce costs and add 
to profits. 

Shown above are representative Messer units from the largest range 
of standard oxygen cutting machines available from any one source. 
Which one can save you the most? 


New Brochure! Write or call for a new brochure which describes Messer 
oxygen cutting machines and their advantages in more detail. 


Messer Cutting Machines, Inc. 


CHRYSLER BUILDING « 405 LEXINGTON AVENUE « NEW YORK 17, N.Y. 


For details, circle No. 25 on Reader Information Card 
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BIRMINGHAM 

Ohly, Carl H. (C) 
Pittman, John W. (C) 
BOSTON 

Baxter, Hudson H. (C) 
Shea, Henry P. (B) 
Woodsum, Richard P. (C) 
CANADA 

Cohen, Marshall (B) 
Knight, Allan Frank (B) 
CAROLINA 

Lyon, Raymond C. (B) 


CHICAGO 


Batuk, Claude A. (C) 
Flack, Theodore M. (B) 
Mills, Justin W. (B) 
Scalzitti, Ronald Joseph (B) 
Schmidt, Edward W. (B) 


CINCINNATI 

Brown, Ross L. (B) 
Forkner, Ewell W. (B) 
CLEVELAND 

Neuhaus, Theodore G. 
Oplinger, John J. (B) 
Prada, Otto (B) 
COLORADO 


Guyer, James W. (B) 
Lawson, Robert G. (B) 
Shamy, John G. (B) 
COLUMBUS 

Dunahugh, Terence L. (D) 


C) 


Eichenberger, George D., Jr. 


(D) 


DETROIT 


Callison, J. M. (A) 
Datsko, Joseph (B) 
Fancher, Warren G. (C) 
Lankin, Richard I. (C) 
Ochadleus, Edward W. (B) 
Wilcox, William James (C) 
HOLSTON VALLEY 


Archer, Lonnie H. (C) 


HOUSTON 


Davenport, Floyd D. (B) 
Threet, Billy D. (B) 


INDIANA 

Henry, Gary (D) 
McCreery, Charles L. (B) 
Smith, Edward E. (C) 
IOWA 


Peterson, Deene L. (C) 
Warren, V. M. (B) 
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IOWA-ILLINOIS 
Wagner, Richard F. (C) 


J. A. K. 


Berger, Stanley, G., Jr. (D) 
DeDecker, Peter L. (B) 
Harris, R. D. (B) 

Howig, William C. (D) 


KANSAS CITY 


Hutson, Kenneth E. (C) 
Stone, Roy H. (B) 


LOS ANGELES 


Brooks, Donald (D) 
Carpenter, Max (D) 
Cassimus, Victor M. (B) 
Cranmer, Iven Edward, Jr. 
(D) 
Foster, Robert Ray (D) 
Gibbs, Wayne F. (D) 
Ginnetti, Anthony Russell (C) 
Grant, William A. (B) 
Holt, Gean (D) 
Krugh, Gary (D) 
Loperena, Frank (D) 
Mayfield, William D. 
Miller, Cloyd A. (B) 
Moore, Linnard (D) 
Riding, Robert (D) 
Sandlin, Toney (D) 
Stratton, Wayne A. (B) 
Sweaney, Randy G. (D) 
West, Darrell (D) 
Willis, Randy (D) 
Wymore, Robert A. (B) 


MADISON 

Heinze, Louis (B) 
Wegner, Norman H. (C) 
MAHONING VALLEY 
Milanese, Victor (C) 
Winger, G. Leo (B) 
MARYLAND 

Gentile, Joseph D. (C) 


MICHIANA 

Martin, Lee (A) 
Reagan, Walland (B) 
NEW JERSEY 
Ebrahim, Kurt I. (C) 
Wertalik, Frank (C) 
NEW ORLEANS 


Bryant, Raymond G., Jr. (B) 
Ferree, E. B. (B) 
Gould, Raymond A., Jr. (B) 


NEW YORK 


Cossaboom, Arthur W. (C) 
McAuster, Robert (C) 
Miller, Edward H. (C) 
Planstrom, John T. (B) 


5 


EFFECTIVE FEBRUARY 1, 1960 


MEMBERSHIP CLASSIFICATION 


A—Sustaining Member 


B—Member 
C—Associate Member 


D—Student Member 
E—Honorary Member 
F—Life Members 


TOTAL NATIONAL MEMBERSHIP 


cakes 
Honorary Members.... 
Life Members. ....... 


AWS Builds Men of Welding 


NIAGARA FRONTIER 
Blewett, James (C) 
Merrill, Neal W. (B) 
NORTH TEXAS 


DiGiacomo, George R. (B) 
Nordstrom, Dan H. (B) 
Snedeker, Monte Harrison (B) 


NORTHWESTERN PA 
Hovis, Charles J. (D) 


OLEAN-BRADFORD 


Lockwood, Vincent Harold 
(C) 


PHILADELPHIA 


Burkitt, Samuel (C) 

Duffy, Thomas A. (D) 
Halbe, Frank X. (D) 

Kopf, George W. (D) 
Lockmiller, Theodore E. (C) 
Polnisch, Arthur B. (B) 
Rothermel, Rodman S. (C) 
Snyder, William J. (C) 
Sykes, Joseph A. (D) 


PITTSBURGH 


Baker, Charles P., Jr. (C) 
Crisman, John R. (C) 
Jacob, Philip G. (C) 

Klein, Leo J. (B) 

Shaffer, Edward G. (B) 
PORTLAND 

Carlton, Raymond Robert (C) 
McGowan, Robert D. (B) 
PROVIDENCE 


Carter, John W. (A) 
Curry, Clifford Rexford (C) 
Simmons, Robert E. (B) 
PUGET SOUND 
Uldall-Ekman, Jorgen (C) 
RICHMOND 


Bray, Oliver C. (B) 
Hinkle, John David (C) 
Powell, Sidney L. (B) 


ROCHESTER 
Montgomery, Russell E. (C) 


SAGINAW VALLEY 
Grant, George, III (B) 
ST. LOUIS 

McBrearty, Ward J. (C) 


SAN FRANCISCO 


Bonnek, Wayne W. (B) 
Davidson, John P. (C) 
Driscoll, Stanley D. (B) 
Faullin, Verl D. (B) 
Hamon, Paul R. (B) 
Kratz, John S. (C) 
Mahncke, William H. (C) 


SANGAMON VALLEY 
Kluckman, Edgar L. (C) 
SANTA CLARA VALLEY 


Brown, C. D. (C) 
Walkington, D. F. (C) 


SHREVEPORT 

Kelley, Joy C. (B) 
SUSQUEHANNA VALLEY 
Hix, Jerry D. (C) 
SYRACUSE 


Bennett, William A. (C) 
Holbrook, James E. (C) 


TULSA 

Ping, Henry (B) 
WASHINGTON, D. C. 

Daly, F. V. (A) 

WESTERN MASSACHUSETTS 
Guertin, F. Ralph (C) 
Miller, Bennett (C) 
WICHITA 


Brown, C.S. (B) 
Frick, Joseph C. (C) 
Wadley, Hubert C. (C) 


WORCESTER 
Horrigan, Joseph E. (C) 


YORK-CENTRAL PA. 
Freyberger, Donald L. (C) 
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Designed to solve your precision production welding problems with metal foils, wires or flat stock (0.0015”-0.015”), in inert atmospheres. 


To satisfy your production line requirements in automatic or 

manual, gas-shielded welding operations, HUGHES’ new 

easy-to-operate VTW-14 Shielded-Arc Welding Control offers: 

8 Optimum weld quality for varying material thicknesses and 
required weld strengths with VTW-14's stepless current 
adjustment from .25 to 25 amps. 

8 Ability to handle a wide range of materia/s because of 
VTW-14's fully adjustable voltage input. 

® Greater reliability and longer life with VTW-14's silicon diode 
rectification. 

s Rapid setup and constant weld quality because of VTW-14's 
continuous indication of input voltage and output current. 


s Ease of operation and contro/ with VTW-14's complete, com- 
pact, plug-in package. 


For full information on the VTW-14 Shielded-Arc Welding 
Control, please write: HUGHES, Vacuum Tube Products 
Division, 2020 Short Street, Oceanside, California. 


For export information, write: Hughes International, Culver 
City, California. 


See the VIW-14—and the complete line of VTP welding equipment—in Booth 610 
at the American Welding Society Show, April 26-28, Los Angeles, California. 


Creating a new world with ELECTRONICS 


© 1960, HUGHES AIRCRAFT Compa 


VACUUM TUBE PRODUCTS DIVISION 


NEW! VERSATILE! EASY-TO-OPERATE! 
SHIELDED-ARC WELDING CONTROL 


thin AMS stainless using Cabinet 
so Available: Bench 


14M) 


For details, circle No. 26 on Reader information Card 
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MEMBERS NOT IN SECTIONS 


Haeger, Agnar (B) 
Leake, Kenneth (B) 
Mejia, Omar (B) 
Sesia, Carlo (C) 

Venci, Alessandro (C) 
Xambo, Pere Artigas (B) 


Members Reclassified 
During February 1960 


COLUMBUS 
Johnston, Allan C. (C to B) 


DETROIT 
Metzger, A. F. (C to B) 


iOWA 
Feil, Adolph (C to B) 
MADISON 
Needham, Damian Oscar (C 

to B) 

300 Amps. (Aluminum) 

NEW YORK for «" Weld Rod 
Gaskell, Edward P., Jr. (C to 

B) 
PEORIA 
Smith, Howard D. (C to B) 


PUGET SOUND 
Jensen, Elwood K. (C to B) 
SANTA CLARA VALLEY MODEL 
Sebastian, M. J. (C to B) 

250 Amps. (Copper Alloy 
ST. LOUIS for.” Weld Rod 
Bohannan, Otis J. (C to B) 


INSULATED 


more work, safer, easier! 


Authors... 


please note! 


SuperGrip Electrode Holders are designed to make easy 
all operations in welding... from attaching Holder to cable 
on through to depositing weld metal in any welding position! 


YOU GET MORE out of Super-Grip 


All authors interested in present- for these reasons: 


ments. 


ing papers at the AWS 42nd Annual 
Meeting to be held in New York City 
on April 17-21, 1961 are advised of a 


change in preliminary arrange- 


The usual forms, ‘An Invitation 


1 RUGGED, LONG WEARING 
interchangeable jaw insulators are 
easily replaced QUICKLY. Jaw 
pads of the aluminum Model 
“A-M” are easily replaced. 


2 EXCLUSIVE NECKED-DOWN 
HANDLE cuts “‘cable fatigue” and 
“down time” by reducing cable 
play at handle end and close to 
cable connection...prevents fray- 
ing and fatigue of wire strands... 
makes SuperGrip firmer, handier 
working tool. 


3 BALL POINT SET SCREW of 
“man-size”’ diameter really grips 


without removing handle... pro- 
vides maximum current-conduct- 
ing cross section...minimizes 
re-connections to save time. 


4 POWERFUL COMPRESSION of 
enclosed spring puts extra “‘bite” 
in SuperGrip jaws...minimizes 
electrode waste or loss. 


5S PERMANENT PIVOT BUSHING 
in tongue of trigger assures align- 
ment, minimizes wear and in- 
creases service life of the Model 
“A-M” Aluminum Holder. Posi- 
tive grip helps produce more... 


Amps. (Copper 
for >: Weld Rod 


Get our Bulletin No. 65 or... 


cable tightly...can be tightened better work. Ask your Welding Distributor! 


to Authors"’ and“ Author's Applica- 
tion Form"’, will be printed as a de- 
tachable insert in the May issue of 
the Welding Journal instead of 
being sent through the mails. 


See us at the WELDING SHOW—Booth 702—Los Angeles 
For details, circle No. 99 on Reader information Card 
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Airco Builds Liquid-gas Plant 


Plans to construct the first com- 
mercial liquid-air separation plant in 
the state of Florida were announced 
by R. E. Lenhard, president of Air 
Reduction Sales Co. The multimil- 
lion dollar installation will have a 
production capacity of 25 tons of 
high-purity liquid oxygen per day 
as well as liquid nitrogen and liquid 
argon. Ground breaking for the new 
plant took place in March, with 
completion scheduled for the sum- 
mer of 1960. The new plant is 
located at Tampa on the main line 
of the Atlantic Coast Line Railroad. 


Nondestructive-testing Course 


A summer institute, offering an in- 
tensive 2-week program of instruc- 
tion and practice in the fundamen- 
tals of nondestructive testing, is 
scheduled for Aug. 15-26 1960, by 
the Sacramento State College, Sac- 
ramento 19, Calif. 

Sessions will be held for 8 hours 
daily, five days a week for the 2-week 
period. Instruction will cover 
theory, procedure, application, in- 
terpretation and the use of equip- 
ment for 12 different types of test- 
ing. The 14 different kinds of lab- 
oratory equipment available will be 
supplemented by visits to leading in- 
dustries. 

For further information contact 
the Summer Institute in Nonde- 
structive Testing, Mechanical En- 
gineering Dept., Sacramento State 
College, Sacramento 19, Calif. 


ASTM Committees Meet 


In anticipation of preparing re- 
ports for the annual meeting to be 
held at Atlantic City next June, 
about 30 of the main technical com- 
mittees of the American Society for 
Testing Materials convened at the 
Hotel Sherman in Chicago, Feb. 
1-5, 1960. About 350 meetings of 
subcommittees and working groups 


were held to advance toward com- 
pleting the years’ committee work. 


Hobart Offers Summer Course 


An intensive 5-day refresher 
course in welding is offered for 
teachers by the Hobart Welding 
School, Troy, Ohio. This course, 


which has enjoyed an enthusiastic 
response in the past, will be pre- 
sented 6 times during the summer 
months starting the weeks of June 
13th and 27th; July 11th and 25th; 
August 8th and 22nd. Registration 
fee is $15 for the complete course. 
For further details write to the Ho- 
bart Welding School, Troy, Ohio. 


Chemetron, U. S. Steel Announce 
Alabama Rail-welding Plant 


The first plant in the South de- 
signed for flash-welding sections of 
rail immediately upon their emer- 
gence from the steel rolling mill is to 
be built at Ensley, Ala., it was 
jointly announced by Chemetron 
Corp., Chicago, and the Tennessee 
Coal & Iron Division of U.S. Steel. 

The plant will be near the mill of 
Tennessee Coal & Iron Division, on 
property made available by U.S. 
Steel to Chemetron. Standard- 
length rails will move directly into 
the new plant to be welded into sec- 
tions anywhere from 78 ft to a quar- 
ter of a mile long. Special rail- 
handling equipment for the installa- 
tion is being designed and built by 


of the industry 


Link-Belt Company. 

NCG obtained exclusive U. S. 
manufacturing rights to the 
patented welding system from a 
Swiss firm two and a half years ago. 
The system is claimed to be the first 
automatic electric rail-welding sys- 
tem to be manufactured in the U. S. 
and is two to three times as fast as 
other rail-welding methods, com- 
pleting an entire welding operation 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 
41st Annual Meeting: 
April 25-29, 1960. Biltmore Ho- 
tel, Los Angeles, Calif. 
Exposition: April 26-28 
Great Western Exhibit Center 
1960 National Fall Meeting. Sep- 
tember 26-29. Penn Sheraton 
Hotel, Pittsburgh, Pa. 
1961 Annual Meeting & Exposi- 
tion: April 17-21. Hotel Com- 
modore, New York, N. Y. 


NWSA 
May 5-7, 1960. 16th Annual 


National Convention. Palmer 
House, Chicago, Il. 
IAA 


May 9-10, 1960. Annual Con- 
vention. San Francisco, Calif. 


ASM 
May 9-13, 1960. 2nd South- 
western Metal Congress and Ex- 
position. State Fair Park and 
Sheraton, Dallas, Tex. 
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new Westinghouse WS silicon welder... 


Arc-air gouging for metal removal offers an outstanding path to cost reduction. The new Westinghouse WS 
welder has been designed as the ideal companion to this process. 

Weld or gouge—be SURE you do it with the 500-amp WS because, in addition to the natural advantages of 
a hermetically sealed, high capacity, silicon diode rectifier, it affords threefold protection. 

Three automatic protection features eliminate the need for special precautions by the operator. First: an 
exclusive surge suppressor circuit to protect against transient voltage spikes. Second: an integral transformer 
thermal switch that prevents overheating with prolonged use. Third: an exclusive time and current sensing 


(Below) The gouge and the gouging. 


For details, circle No. 27 on Reader Information Card 
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designed specifically for arc-air gouging, too! 


relay circuit that prevents damage from the above normal current or above normal duty cycle. 

You benefit with greater production and fewer repair bills. What’s more, you have a dual-purpose unit that 
can both weld and arc-air gouge, a welder you can count on to work whenever you need it. 

You can get other Westinghouse WS units with the same ruggedness and reliability. Capacities: 200, 300, 
400 as well as 500 amps for 230/460-volt a-c operation. 

Want more information on the industry’s newest, most versatile welder? Contact your nearest Westinghouse 
Welding Distributor . . . or write Westinghouse Welding Division, 4454 Genesee Street, Buffalo 5, New York. 


J-10483 


watch Westinghouse for new developments in welding! 


you BE SURE...1F ITS Vestinghouse 


SEE.... the Westinghouse exhibit in Booth 115 at the American Welding Society Show... . April 26, 27 and 28, 


For details, circle No. 27 on Reader information Card 
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in about four minutes. 

In the flash-welding process, rails 
are fed into the welding unit where 
the ends are preheated by electric 
current to a plastic molten stage. 
They are then welded with hammer- 
like upset forging blows of more than 
50 tons. Excess upset metal is 
sheared off the joint and the weld 
moves automatically to grinding and 
testing operations. 

Besides being cheaper to obtain 
and install, surveys by the American 
Railway Engineering Association 
show that welded rail saves an an- 
nual average of $981 for every mile of 
track because it lasts years longer 
and costs far less to maintain than 
bolted rail. 


Compressed Gas Association 
Elects Officers 


George C. Cusack, recently made 
president of Pure Carbonic Co., a 
division of Air Reduction Co., Inc., 
was elected president of the Com- 
pressed Gas Association, Inc., at the 
concluding session of the associa- 
tion’s 47th annual meeting. Other 
officers elected include D. M. Hor- 
ner, president, Harrisburg Steel Co., 
a division of Harsco Corp., first vice 
president, and Richard S. Passmore, 
manager, Ammonia Division, Ar- 
mour Industrial Chemicals Co., sec- 


ond vice president. Franklin R. 
Fetherston who has served as secre- 
tary-treasurer of the association 
since 1927 was re-elected to that of- 
fice. 


RWMA Reports 1959 Gains 


Year-end figures compiled by the 
Resistance Welder Manufacturers 
Association indicated that Members 
enjoyed an increase of 40% in new 
business over 1958. 

Orders for the month of December 
amounted to more than $2°/, mil- 
lion—a gain of 26% over the pre- 
vious month. 

Shipments for 1959 are 29% 
ahead of 1958, while December ship- 
ments exceeded November figures 
by 47%. 

Backlogs at the end of December 
amounted to more than $10 million 

—the high for the year. 


Champion Shifts Emphasis 
to Specialty Welding Rods 


Following recent trends in the 
rapid growth of the welding in- 
dustry, the Champion Rivet Co., 
Cleveland, Ohio, has decided to ter- 
minate its domestic production of 
mild-steel welding rods in favor of an 
all-out emphasis on specialty rods, 
effective April 1, 1960. 

This decision was reached after a 


consideration of the rising demands 
for high-performance welds in ma- 
terials for industry and defense. 
The company, a leader in the field 
for 30 years, foresees such rapid de- 
velopment of special requirements 
as to make ineffective an attempt to 
cover both fields at once. 

Champion now offers both elec- 
trodes and complete technological 
service to fabricators. 


Eutectic Builds 
European Research Center 


Eutectic Welding Alloys Corp. 
and its European affiliates have in- 
itiated a research and development 
center in Lausanne, Switzerland, 
according to Rene D. Wasserman, 
president. Research work has al- 
ready begun in temporary quarters, 
pending completion of specially de- 
signed and engineered facilities later 
this year. Several new develop- 
ments from the new research activi- 
ties are being readied for release in 
the spring of 1960, according to Mr. 
Wasserman. 


Ambraze Incorporates 


American Brazing Alloys Co. has 
just been incorporated and the new 
name is American Brazing Alloys 
Corp. No other changes have been 
incurred due to the incorporation. 


CUT BEVELING TIME BY 85% 


on Small Weldments 


PULLMAX 
BEVELLER 


The PULLMAX Beveller 
can be used to bevel cut 
large size plates with 
proper table support and 
feeding arrangement. 
But where the PULLMAX 
Beveller really pays 

off is in small segments 
difficult to bevel cut by 
burning and grinding. 


1 Cut 


Write today for literature and information 


AMERICAN PULLMAX CO., INC. 


See us, Booth 805, Welding Show, April 26-28, Los Angeles. 
For details, circle No. 100 on Reader Information Card 
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Mild Steel 


2 Cuts Stainless Steel 


2467 N. Sheffield Ave., 
Chicago 14, Illinois 


Bevel small 
plate in both 
Straight and 
mild radius 
shapes at 
speeds up to 
11 ft. per min. 


YOUR BEST MOVE IS TO MOVE WITH 


MERRILL 


MATERIAL HANDLING DEVICES FOR THE 


Imitated, but never duplicated, Merrill 
Lifting Clamps are Drop Forged to give 
you Safety in Handling and Economy in 


Operation. 


Over 25 Material Hand- 
ling Devices described 
in our catalog C-2. 

Ask for a copy. 


MERRILL BROTHERS 


56-33 Arnold Ave., Maspeth, N. Y. 


For details, circle No. 126 on Reader Information Card 


HORIZONTAL PLATE CLAMP 
Rated capacity — 3 ton (6 tons 
per pair). Completely drop 
forged . . . Heat treated. 
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MISSILE AGE PAUL BUNYAN 


uFts 80,000 Pounps Hufford Corporation 
specified all-welded 


WITH THE STRENGTH OF construction for maximum 
strength, minimum weight 


Transporting 80,000 pound rocket engine 


\ 
units and erecting them on test stands re- 
bad quires equipment that is unusual both in 
y design and strength properties. Hufford 
= ] 


Division of the Siegler Corporation met 
this challenging project for Thiokol Chemi- 
cal Corporation with this mobile handling 
unit called the Transrector. 

The first requirement as a transporter ne- 
cessitated the use of a minimum weight 
material for fabrication to reduce the 
overall hauling load. The use as an erector 
made strength a highly important factor. 
This high strength to low weight ratio was 
achieved through the exclusive use of Tl 
steel. To retain the inherent strength of 
Tl, the design engineers specified all- 
welded construction. 

Alloy Rods Company’s ATOM+ ARC “T” 
more than satisfied Hufford’s needs. The 
only electrode designed specifically to 
weld T1 steel in all applications, ATOM > 
ARC “T” weld metal physical properties 
equal or exceed those of T1 steel in the 
“as welded” or “stress relieved” condition 
for 100% design joint efficiency. ATOM > 
ARC “T” electrodes are also excellent for 
many other applications where high 
strength welds are required. 

Detailed application information about 
ATOM:ARC “T” in data sheet form is 
available by writing Alloy Rods Company, 


P. O. Box 1828, York 3, Pennsylvania. 


TWENTY YEARS OF LEADERSHIP IN THE DEVELOPMENT OF QUALITY ALLOY ARC WELDING ELECTRODES 


SALES OFFICEs AND wanEHouses | AIlOy Rods Company! 
NEWARK PITTSBURGH PHILADELPHIA 
BOSTON @ CHICAGO @ SAN FRANCISCO | 

EL SEGUNDO, CALIFORNIA | 

DISTRIBUTORS IN ALL OTHER PRINCIPAL CITIES 

For details, circle No. 28 on Reader information Card 


LINCOLN HIGHWAY WEST 
YORK, PENNSYLVANIA 
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. If you’re bothered by large voltage 
drops, it will pay you to investigate the 
Load Control System. 

Load control is the automatic program- 
ming of line loading in welding systems to 
give maximum power utilization without 
production loss or excessive voltage drop. 


WITHOUT CONTROL 


WITH CONTROL 


Oscilloscope traces show actual voltage 
levels during firing, both with and without 
control. Voltage drop was reduced from 
27% to only 6% in one large automotive 
plant, with no slowdown of production. 

For complete information write or call 
Elmer Hankes or Richard Rogers, FEderal 
9-7203, or write Instrument Control Co., 1554 
Nicollet Ave., Minneapolis 3, Minnesota. 


April is National 
Welded Products Month 


Aluminum Alloys Improved 


Aluminum Company of America 
has announced a new tempering 
process that increases both strength 
and reliability of the strongest of the 
aluminum-magnesium alloys. 

Alcoa now offers alloy 5083 sheet, 
in both the -H323 and -H343 tem- 
pers, with the same minimum guar- 
anteed properties previously avail- 
able in the -H32 and -H34 tempers. 
However, it now possesses superior 
resistance to stress corrosion. 

In the new -H323 temper, alloy 
5456—highest strength composition 
in the aluminum-magnesium series 
—now exhibits a 4% increase in 
minimum tensile strength over any 
previously available with increased 
resistance to stress corrosion. 


Wall Colmonoy 
Appoints Representatives 


Appointment of Winslow Electric 
Co. and Korb & Beale Associates as 
manufacturers representatives has 
been announced by R. L. Peaslee, 
vice president_in charge of the Stain- 
less Processing and Wallco Divisions 


of Wall Colmonoy Corp., 19345 
John R Street, Detroit 3, Mich. 

Winslow Electric, Chester, Conn., 
will represent the Wallco Division in 
sales of tubular and brazed assem- 
blies in eastern Ohio, Pennsylvania, 
New York, Massachusetts and 
| Connecticut. Korb & Beale, 6600 
_ Vandalia St., Cleveland, will repre- 
sent the Stainless Processing Di- 
vision in sales of “‘“Nicrobraz” prod- 
ucts and hydrogen-furnace process- 
ing work in eastern Ohio. 


Hobart Film Aids 
Electrode Selection 
Following a well-established road 


in the sponsorship of educational 
motion pictures for welding fabri- 


New CYCLE COUNTER 
Accurately Checks Weld Time 
Counts actual weld time dur- 


ing firing. PORTA-COUNT 
is light and small enough to 


New Gauge Measures 
WELDING ELECTRODE FORCE 


carry easily —keep right on cators, vocational schools, metal 


societies and the metal working 
Rugged all mechanical design—no industry in general, Hobart Brothers 
leaky hydraulic units or sensitive | Co. has just produced a new film, 
electrical circuits to cause trouble. | titled “Arc Welding Electrode Selec- 
tion.” 

The new movie, the first of its 


INSTRUMENT CONTROL CO. is 25-minute, 16mm, full. 
— ° color film that tells the real story of 
basic factors which are important 


1554 NICOLLET AVENUE + MINNEAPOLIS 3, MINNESOTA | for correct electrode selection. 
For details, circle No. 128 on Reader Information Card The film will be particularly inter- 


the job. Completely portable with only 54” between load points. 
and self-contained with long 
life (up to 2 years) batteries. 


Counts single phase. 
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esting to welding operators, en- 
gineers, students, production fore- 
men and management personnel. 
Reservations for a showing of the 
new film may be made with the film 
library, Hobart Brothers Co., Troy, 
Ohio. 


Aero Supply Acquires Interest in 
International Ultrasonics 


Acquisition of an interest in 
International Utrasonics, Inc., Rah- 
way, N. J., by Aero Supply Mfg. 
Co., Inc., Corry, Pa., has been an- 
nounced by Thomas J. Scarpa, 
president of International Ultra- 
sonics. The agreement includes op- 
tions for Aero to acquire up to 50% 
of International Ultrasonics. 

Mr. Scarpa said Aero will as- 
sist in financing production of a 
new ultrasonic continuous seam 
welder for aluminum foil and other 
thin metals. The first such unit 
will be installed soon at the Rich- 
mond, Va., foil plant of Reynolds 
Metals Co. The unit is said to be 
capable of welding aluminum foil as 
thin as 0.00025 in. 


Gordon Duff Expands Facilities 


Gordon Duff, Inc., Los Angeles 
welding supply firm, marked its 
30th anniversary October 15th with 
the opening of a second major 
branch plant in the San Fernando 
Valley. 

James G. Duff, Jr., vice-president, 
said the location, at 18615 Parthenia 
St. in Northridge, is adjacent to 
the west valley industrial center. 

Announcement of the _ branch 
opening follows completion of a 
250,000 cu ft capacity liquid oxygen 
pumping station at the firm’s West 
Los Angeles headquarters. 


At the controls, J. Gordon Duff checks 
the flow of liquid oxygen while watched by 
K. P. ‘‘Pete’’ Hansen, left, and James G. 
Duff, Jr., right. 


HAVE 


HE KNOWS THE BEST SOLUTION 
HE GIVES YOU QUICK SERVICE 
HE MAINTAINS A GOOD INVENTORY 


TPC® makes ® 


ACCESSORIES COOLER 


POWER 
CONNECTION 


@ GIVES EXCELLENT ELECTRICAL CONNECTIONS 
@ ADAPTABLE TO GROUND CLAMPS, QUICK DIS- 


CONNECT PLUGS, ELECTRODE HOLDERS. 


write tor FREE bookie: ‘Reducing Costs By Proper Care 
Of Arc-Welding Circuits” 
LENCO, INC. 


P.O. Box 189A Jackson, Mo. 


For details, circle No. 127 on Reader information Card 
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Budd Merges Two Divisions 


The Budd Co.’s Tatnall Meas- 
uring Systems Division and Nuclear 
Systems Division have been merged 
into a single entity named the 
Instruments Division. The merger 
will eliminate overlapping functions 
as the two divisions had many areas 
of common interest. 

The new division will have its 
main offices in Phoenixville, Pa., and 
plants in Rogersford and North 
Philadelphia. John H. Buck, who 
was vice-president and general man- 
ager of the two companies, will 
continue in the single capacity. 


RWMA Reports High Sales 


Shipments of resistance-welding 
equipment have exceeded $2 mil- 
lion for the seventh consecutive 
month, according to statistics com- 
piled by the Resistance Welder 
Manufacturers Association at the 
end of September. 

Comparing the year to date with 
the same period of 1958, RWMA 
figures reflect a 27% increase in 
shipments, while new business for 
the first nine months of 1959 is 47% 
ahead of last year. 


Members reported backlogs of 
more than $8 million at the end of 
September. 


Dividends Declared 


National Electric Welding Ma- 
chines Co., board of directors have 
voted a regular quarterly dividend 
of 15 cents per share on its $1 par 
value common stock. The dividend 
is reported payable on Feb. 1, 1960, 
on stock of record Jan. 14, 1960. 
It is the first quarterly dividend 
of the company’s 1959-60 fiscal 
year. 


Self-study Course in 
Silver Brazing 


A packaged, self-study training 
course in the principles and tech- 
niques of silver alloy brazing has 
been developed by Handy & Har- 
man, 82 Fulton St., New York 38, 
N.Y. Thecourse comes complete in 
a single package containing three 
comprehensive textbooks and all 
parts, materials and supplies needed 
to perform lesson exercises. 

Because each packaged course is 
complete in itself, it should be useful 


Loading 10 |b. spool of #4043 aluminum wire at 
Philadelphia. 
Aluminum in this particular spool was used in 
welding curtain walis for skyscraper at 2 Broad- 


Michael Flynn Manufacturing Co., 


way, New York City. 


in all grades, all types — 
precision layer level 
wound on 
1 Ib. and 10 Ib. spools — 


Wire goes from extrusion and light draw to ALL-STATE’s precision spool- 
ing machines where it is layer level wound for smooth, trouble-free welds. 


Types available: 1100, 4043, 5052, 5154, 5183, 5356, 5556, 6061, 6063, 


*355,* 356, 716, 718. 


Precision spooled in these sizes: .030, .040, 3/64, 1/16, 3/32, 1/8. 


*down to 1/16 only 


ALL-STATE Spoolarc® spooled aluminum wire meets federal and industry 
specifications. Spools are sealed in polyethylene bags plus desiccant to 
retain top quality from spooling machine to welding machine. 


Complete stocks available from factories at White Plains, N. Y. and 


South Gate, California . . . 


and from branches at St. Louis, Missouri and 


Toronto, Canada. On sale at over 1000 distributors here and abroad. 


Send for new free Aluminum Manual. 


VISIT OUR BOOTH 501 AT THE WELDING SHOW 


Distributor-Stocked, convenient to buy. Economical to use. 


ei Kefiusun WELDING ALLOYS CO., INC., White Plains, N. Y. 


Call WHite Plains 8-4646 or write for nearest distributor 


For details, circle No. 129 on Reader Information Card 
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Packaged Course 


for establishing in-plant brazing 
classes and should be of interest to 
welding engineers and supervisors 
who are charged with production 
training. 

The course is based upon the cur- 
riculum of the three-day brazing 
class which has been conducted 
monthly by the Handy & Harman 
Training Division for over 13 years. 

For further details, including cost, 
write to Training Division of the 
company. 


Airco Builds Sales Office 


Air Reduction Sales Co. has 
started construction of a new $100,- 
000 sales office and warehouse at 
2300 S. Blvd., Charlotte, N. C. The 
facility is now located at 124 W. 
Third St. in that city. 


Expands Sales Facilities 


National Electric Welding Ma- 
chines Co., Bay City, Mich., major 
producer of special, standard and 
automatic resistance-welding ma- 
chines, has established three new 
sales offices in the West and the 
South and has extended coverage 
of its existing Chicago office. 

A new West Coast office, covering 
the northern half of California and 
all of Oregon and Washington, is 
manned by William M. Corns of 
Ross, Calif. William E. Dowling, 
vice president of R. E. Duboc Asso- 
ciates of Denver, services the five- 
state territory of New Mexico, 
Utah, Wyoming, Idaho and Colo- 
rado. A new southern office, cov- 
ering parts of Mississippi and Geor- 
gia and all of Tennessee and Ala- 
bama, is serviced by H. J. (Jack) 
Yarbrough of Welding Alloys and 
Supply Co., Inc., of Birmingham, 
Ala 


To assist the Chicago office in the 
eastern half of Minnesota, National 
Electric has named Ray Schwabe of 
Welding Supply and Specialty Co. 
of St. Paul, Minn, 
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Now SPERRY Offers 


INDUSTRIAL X-RAY 


With the acquisition of Triplett & Barton X-ray, 
Sperry is fully prepared to evaluate your quality control 
problem and recommend the most efficient test system, 
ultrasonics or X-ray, to meet the requirements of .. . 


YOUR BLUEPRINT FOR QUALITY 


'RIPLETT & BARTON 


TRIPLETT & BARTON we.— Industrial X-ray 


The Triplett & Barton line of portable industrial X-ray equipment is un-matched for 
proven utility and heavy duty performance —the real answer to your laboratory, pro- 
duction and field problems. The transformer tube head is truly light-weight—less than 
75 pounds for the big "300" KVP Model. The unit fits many needs—can be quickly 
positioned up to 500 feet from power and cooling assembly, with close access to the 


beam made possible by the end mounted tube (either 35° or 360°). 


See this new Equipment at: 


WELDING SHOW 
LOS ANGELES 


isperry Products Company 


SOUTHWEST METAL SHOW DIVISION OF HOWE SOUND COMPANY 


2404 Shelter Rock Road, Danbury, Connecticut 


For details, circle No. 29 on Reader Information Card 
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Alloy Crafts Has New Owners 


Alloy Crafts Co., 4429 W. Cort- 
land St., Chicago, Ill., fabricators of 
equipment for the food, chemical 
and pharmaceutical industries was 
purchased by E. Donald Peters of 
Decatur, Ill., and W. E. Sharpe of 
Riverside, LIl. 


E. Donald Peters 


Mr. Peters, now president of Alloy 
Crafts Co., was formerly president 
of Leader Iron Works, Inc., of Dec- 
atur, Ill. Mr. Sharpe, now secre- 
tary and treasurer of Alloy Crafts, 
Co., was formerly general office man- 


ager of Groen Mfg. Co. 

Mr. Peters is a graduate of Case 
Institute of Technology and a reg- 
istered professional engineer of the 
State of Ohio; he isa member of the 
AMERICAN WELDING SOCIETY and 
served on the Board of Directors as a 
Director at Large. 


Rail-welding Film 


A railroad motion picture, “‘Clear 
Board for Ribbonrail,’’ has been re- 
leased by the Oxweld Railroad De- 
partment of Linde Co., Division of 
Union Carbide Corp. Photo- 
graphed entirely on location at rail- 
road sites, the film tells the com- 
plete story of Linde’s “Ribbonrail”’ 
Service to railroads during the in- 
stallation of continuous welded rail. 

Highlight of the film is a section 
showing welding and installing high- 
speed welded rocket test track at 
Edwards Air Force Base, Calif. 
These scenes show the rail being 
welded, installed on a reinforced- 
concrete roadbed and aligned to the 
extremely critical tolerance of 
+0.036 in. The motion picture 
then draws a parallel between this 
track, which extends Air Force test 
speed capabilities as high as Mach 


IV (four times the speed of sound) 
and the continuous welded-rail run- 
ning surface of the railroad trains of 
tomorrow which may someday 
travel at supersonic speeds like 
these rocket sleds. 


NCG Branch Relocated 


Establishment of a branch sales 
and service office at 2690 E. Brocks- 
town Drive, Baton Rouge, La., is 
announced by National Cylinder 
Gas Division of Chemetron Corp. 
James Nagel, Jr. is manager of the 
branch which supplies industrial 
and medical gases, welding, brazing 
and cutting equipment, and was 
previously located at 2307 N. Third 
St. 


Metal and Thermit Declares 
Quarterly Dividend 


Directors of Metal & Thermit 
Corp. declared a quarterly dividend 
of 30 cents on the common stock, it 
was recently announced. The div- 
idend is payable Dec. 14, 1959, to 
stockholders of record at the close 
of business Dec. 4, 1959. Previ- 
ously, the company paid 20 cents a 
share. 


IMPROVED CONSTRUCTIONS PTY. LTD. 


SYDNEY, N.S. W. 


Australian Heavy Structural & General Engineering Firm with 


complete Engineering Service and an annual capacity of ap- 


proximately 3,500 to 5,000 tons of general steelwork wants to 


arrange a joint venture, royalty or licensing arrangement with 


American Firms engaged in the manufacture of specialized plants 


such as Sinter Plants, Blast Furnaces, Steel Structures, Tanks, 


Refinery Equipment, Mechanical Handling, Mining Equipment, and 


other heavy Structural Steelwork. 


Our Production Director, Mr. 


John Marks, will be in America in middle June and would ap- 


preciate being contacted at the Hotel Biltmore, New York. 


For details, circle No. 130 on Reader Information Card 


3 
7 
— = — — = 
ast 
| 
| 
1] 
| 
= 1} 
| 
e 
| 
| 
426 | APRIL 1960 


Are you paying 


TIMES MUCH 
FOR WELD INSPECTION 


.... and not finding ALL the cracks? 


If you are testing to routine specifications—or applying such specs 


—it is quite likely that you are paying an unnecessary high price 


Certainly it is a possibility worth investigating! 


With Magnaflux testing... 


you can reliably inspect about 150 feet of linear welds per hour, 


at a cost of approximately 4.4¢ per foot of weld. This includes 


man-hour cost for two inspectors working at an average rate, plus 


the small cost of Magnaflux powder used 
For non-linear welds, your cost will be about 50% more—or 


roughly 6.6¢ per foot of weld, including normal cost and time for 


moving scaffolding 


Compare these costs with what you are paying now! 


How reliable is Magnaflux? 
It is the only recognized test proven completely reliable for finding 
all cracks open to the surface however small or deep. These 


are the cracks that raise stresses dangerously and cause most of 


the failures in weldments 
Many manufacturers of X-ray equipment frankly caution that 
X-ray may not find all these cracks. Yet, these very cracks are most SPACECRAFT: Critical welds 


Often several Magnaflux and other 


important to find! Nor will any other method find them at a cost as 


methods needed—on each weld, 


low as Magnaflux. 

None of this implies that Magnaflux testing eliminates all need 
for other test methods. Magnaflux cam cut your testing costs and 
it will find many cracks other methods overlook, and the significant 


sub-surface defects, as well 


Shouldn't you investigate these savings 
now? Ask to have a Magnaflux Engineer 
detail the whole story—soon. 


MAGNAFLUX CORPORATION 
A Subsidiary of General Mills 
7320 West Lawrence Avenue, Chicago 31, Illinois 
New York 36 Pittsburgh 36 Cleveland 15 
Detroit 11 Dallas 35 Los Angeles 22 


The Malimark of a \ 


) fe 
in nondestructive test systems 


For details, circle No. 30 on Reader Information Card 
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M&f Makes Personnel Changes 


Metal & Thermit Corp. reports 
the appointment of four new vice 
presidents, a welding sales engineer 
and a member of the advertising de- 
partment. 

James L. Oberg, 4/3 has been made 
vice president and will continue in 
his present post as general manager 
of the Metals and Minerals Division. 
Mr. Oberg joined M&T in 1955 
after having been connected with the 
welding equipment and _heat-ex- 
changer fields. 

Harry W. Buchanan has been 
appointed vice president and man- 
ager of the general sales department. 

Donald W. Oakley has become 
vice president and general manager 
of the Coatings Division. 

John K. Parks has been made vice 
president and general manager of 
the Detinning Division. 

Peter L. DeDecker has been added 
to the West-Central sales region as 
a welding sales engineer. 

Albert E. Sakavitch, previously 
marketing director of Kelite Corp., 
has been appointed to the staff of 
the advertising dept. 

The appointments are part of 
Metal & Thermits’ long-range plan 
to build a broader and younger 
management team. 


James L. Oberg 
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McEvilly Promoted 


Jerry McEvilly 9 has been ap- 
pointed field representative for the 
Arcair Co. in the Chicago area. His 
territory will include more than nine 
mid-western states. 

Before joining the Arcair Co., Mr. 
McEvilly worked for several na- 
tional firms in a welding supervisory 
capacity, both in this country and 
abroad. He will make his head- 
quarters at Milwaukee, Wis. 


Leach Named Manager 


Austin F. Leach, W3 recently of 
Boston, Mass., has been appointed 
manager, stud-welding sales, at 
Omark Industries, John D. Gray, 
president of the Portland, Oregon, 
firm, recently announced. Omark 
produces timber harvesting equip- 
ment and tools for the construction 
and manufacturing industries. 

Mr. Leach brings to his new job 
extensive experience with the weld- 
ing department of the General 
Electric Corp. After leaving GE, 
Mr. Leach joined the A. L. Smith 
Iron Co., Cambridge, Mass., where 
he was manager of manufacturing 
and engineering. 


McFeeters and Smith Become 
District Managers 


The Lincoln Electric Co., Cleve- 
land, Ohio, has named E. Larry 
Smith, district manager of the com- 
pany’s New York Sales Engineering 
District, and John H. McFeeters 
ws, district manager of the Albany 
District. 

Mr. Smith was district manager in 
Boston, Mass., District for two 
years and Syracuse, N. Y., for twelve 
years prior to his new assignment. 
He has been in the Sales Department 
since his employment by Lincoln in 
1938. 

Mr. McFeeters, a welding engineer 
for the company since 1945, was 


Jerry McEvilly 


formerly located in the Boston 


District. 
Samuel 0. Jones Retires 


After nearly 45 years of active 
service with the Newport News 
Shipbuilding and Drydock Co., 
Samuel O. Jones, « welding pioneer, 
has retired. 

Mr. Jones joined the company in 
1915 as an electrician and rose to the 
post of consulting welding engineer 
without the benefit of formal college 
training. During his years of serv- 


ice, he worked up through the ranks 
to become a welding supervisor and 


John A. McFeeters 


Samuel O. Jones 
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WELDLATHE 


The Newest Approach to Girth Welding 


DANVILLE, ILLINOIS 


AFFILIATED WitH Federal MACHINE AND WELDER COMPANY 
For details, circle No. 31 on Reader Information Card 
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ANY Pipe Joint or Structural 
Angle Cut NOW Layed Out 
in Just MINUTES, witha... 


curv -0- marry 
CONTOUR MARKER 


@ Marks off easily and ac- 
curately any pipe joint. 


Eliminates all figuring 


\ 
of cut backs, and marks Y 
all around pipe. 
Saves man-hours, 
as well as oxygen “a 
and acetylene gas. 


@ Makes it easy to mark off 
end of lateral pipe. 


— — — } 


NO MISTAKES — NO TIME LOSS 


—regardiess of the type or size of pipe joint 
te be welded. No more “cut and try” with a 
CONTOUR MARKER — it eliminates the need 
for calculation, and is available in 2 sizes for 
marking pipe and structurals of 1%" to 18” 
in cross section, and from 16” to 48" diam- 
eter. See your Welding Supply Dealer — also 
ask about “CURV-0-MARK” Centering Heads, 
Radius Markers and Pipe Flange Aligners. 


CONTOUR SALES CORP. 


1843 £. Compton Bivd., Compton, California 


Visit our booth 519 at the Welding Show 
For details, circle Ne. 132 on Reader information Card 


BATEMAN 
BANTAM 


IRON WORKER 


THE ONLY IRON WORKER OF ITS 
KIND ON THE MARKET TODAY 


No Grinding Neces- 
sary After Cut. One 
Stroke Cycle Clutch 

Hand 


The Bateman “Ban- 
tam” cuts 2” x 2” x 
angles and x 
4” flats. Standard 
punches will fit this 
machine. The Coper 
will cope 1%” 
through 44” material. 
It will punch 4” 
” hole through 4” ma- 
terial. With the clutch 
open, the Bantam will 
make 44 strokes per minute. It is made of 
high-grade cast iron, with the clutch, pin 
and dog made of hardened steel. The blades 
are made with tool steel. It is powered with 
a fly wheel and gear drive, and uses a small 
% hp motor, 1750 rpm. 


Bateman Bantam with punch _ $575.00 


BATEMAN FOUNDRY & MACHINE 


MINERAL WELLS, TEXAS 
For details, circle No. 131 on Reader information Card 
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then foreman. Appointed welding 
engineer in 1936, he has since headed 
all welding activities at the Ship- 
yard. He will remain with the 
company in an advisory capacity. 

In the early 1920’s, Mr. Jones be- 
gan the numerous contributions he 
has made to the welding industry 
and, since then, has been instru- 
mental in many of the notable ad- 
vances in welding. 

A member of the AWS, Mr. Jones 
has served on committees of the ABS 
and the U.S. Navy. 


West Coast Personnel Named 
by Ampco 


Gordon E. Brown has been named 
sales manager of Ampco’s West 
Coast Division and George W. Pipp 
has been appointed branch controller 
by Ampco Metal, Inc., producer 
of bronze alloys and products. 
J. D. Zaiser, Ampco president, said 
the assignments encompass sales and 
financial management of the firm’s 
activities in 11 western states. 

Mr. Brown formerly was Ampco’s 
manager of field sales and has been 
with the Milwaukee-based firm 
since 1946. Wayne E. Freeberg, 
previously assigned to Ampco’s 
Michigan sales office, will assist 
Brown. 

Mr. Pipp joined Ampco’s ac- 
counting department in 1942. With 
his assumption of financial jurisdic- 
tion, the company’s West Coast 
Division in Burbank, Calif., be- 
comes fully autonomous. 


Farran Heads Service Department 


John Farran has been named 
director of service by the Lincoln 
Electric Co., Cleveland, Ohio. He 
succeds G. E. Tenney who recently 
retired. 

Mr. Farran was appointed assis- 
tant manager of the Service De- 
partment when it was established 
in 1948 and advanced to service 
manager in 1956. Farran’s em- 
ployment record with the com- 
pany dates back to 1929 when he 
was a clerk in the Order Department. 

In his new position, Mr. Farran 
will control the Service Department 
activities including the “Lincolndi- 
tioning” program of remanufactur- 
ing, the Lincoln exchange program 
for major parts replacement, and 
replacement parts’ sales. Mr. 
Farran will also be responsible for 
further expansion of Lincoln’s inter- 
national Field Service Shop organ- 
ization which presently numbers 232 
shops located in every state in the 
Union including Alaska and Hawaii 
plus Canada, Cuba, Puerto Rico 
and Colombia. 
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Personnel Changes 


Robinson Welding Supply Co., 
Detroit, Mich., has announced that 
R. K. Reynolds has resigned to enter 
the insurance business. 

At the same time, it has also been 
announced that Louis J. J. Smith 
will return to the welding industry as 
aales manager for the company. 


McBride Celebrates 50th Year 


Frank D. McBride, president of 
the American Solder & Flux Co., 
founded at Philadelphia in 1910, is 
celebrating his 50th year in business. 
Mr. McBride is the holder of 
patents on many special types of 
fluxes designed for the specific re- 
quirements of different industries. 


Barrett Retires 


Associated with the Martin Co. 
since 1925, Louis Barrett retired last 
January. He leaves behind a 35-yr 
record of service to welding. During 
this time, by solving many technical 
welding problems, Mr. Barrett has 
become widely known in the field 
and has acquired many friends. 


EMPLOYMENT 
OPPORTUNITY 
FOR ENGINEER 


AWS is seeking an engi- 
neer to join Headquarters’ 
Technical Staff as Assistant 
to the Technical Secretary. 


Here is an opportunity— 


The man we are seeking has initiative 
and imagination and is interested in 
becoming familiar with welding in all its 
aspects and for every type of application. 
Salary will be commensurate with quali- 
fications and experience. 


If interested in being interviewed for 
this position, send a resume* of your 
education, experience and personal 
background to 


Technical Secretary 
American Welding Society 
33 West 39th Street 
New York 18, N. Y. 
* Will be held confidential. 
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At Triangle Sheet Metal Works, Inc., Tips made of New 
Copper-Zirconium Alloy Minimize Electrode Pickup, Reduce 
Dressing, and Triple Electrode Service Life 


Resistance-welding tips made of AMZIRC® Cop- 
per Alloy retain strength and hardness at ele- 
vated temperatures where copper and conven- 
tional alloy tips weaken and mushroom. Triangle 
Sheet Metal Works of New Hyde Park, New 
York, switched to tips made of AMZIRC. They 
find that AMZIRC’s superior high-heat proper- 
ties minimize electrode pickup, reduce frequency 
of dressing 30%, and shorten weld time. As a 
result, Triangle now gets three times more welds 


per tip than they did with tips formerly used! 


Triangle is a leading sheet metal contractor and 
manufacturer specializing in the installation of 
industrial and commercial heating and cooling 
systems. They spot-weld galvanized steel duct- 
work under the following conditions: current— 
12,000 amps; pressure—1,100 lbs; heat cycle— 
5 secs; cool cycle—3 secs. Tips made of mate- 


rials other than AMZIRC consistently annealed 
and mushroomed at these settings. 


High Conductivity and Strength 
at Elevated Temperatures 


AMZIRC consists of OFHC® copper (oxygen-free, 
high-conductivity) and a rigidly controlled addi- 
tion of high-purity Zirconium. This unique com- 
bination makes AMZIRC ideal for applications 
requiring high electrical conductivity with high 
mechanical strength, especially at elevated tem- 
peratures. 


For tips made of AMZIRC call your local welding 
supplies distributor* For metallurgical infor- 
mation on AMZIRC contact AMCO’s Technical 
Service Section. 


AMCO DIVISION 

American Metal Climax, Inc. 
1270 Avenue of the Americas 
Rockefeller Center, New York 20, N. Y. 


*amzinc is also known as N-4. 


For details, circle No. 32 on Reader Information Card 
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SENIOR 
WELDING 
ENGINEER 


Position for welding research on 
aluminum and copper base alloys. 
Responsible for planning and con- 
ducting research program. Weld- 
ing or Mechanical Engineer with at 
least 5 years experience in alum- 
inum metallurgy and additional ex- 
perience with copper base alloys. 


Research on metallurgical and 
physical phenomena related to 
development of improved weld- 
ing techniques for difficult to 
weld alloys. 


Modern well-equipped laboratories 
located in New Haven, Connecti- 
cut. Recreational facilities and 
pleasant residential areas. 


E. R. Patterson, Employment Man- 
ager 

= Mathieson Chemical Corpora- 
tion 


125 Munson Street 


New Haven, Connecticut 


Steffenauer Made Sales Manager 


The K-G Equipment Co., Inc., 
Division of Air Products, Inc., of 
Allentown, Pa., has appointed Louis 
G. Steffenauer as sales manager. 
The rapid growth of the company 
reportedly has necessitated several 
additions to its sales staff. Mr. 
Steffenauer in his new position will 
be responsible for sales of K-G cut- 
ting and welding equipment to its 
distributors throughout the United 
States and Canada. 


Crutcher Appointed Manager 


Progressive Welder Sales Co. 
announces the appointment of Henry 
B. Crutcher as manager of the com- 
pany’s newly expanded Automotive 
Engineering Division. 

Mr. Crutcher was formerly with 
Ford Motor Co. where he was super- 
visor of Manufacturing Engineering 
Processes, and previously was vice 
president of sales of the Multi- 
Hydromatic Co. and chief engineer 
of Progressive Welder Sales Co. 

Mr. Crutcher will be in charge 
of the design, development and pro- 
duction of Progressive’s line of spe- 
cial automotive welding equipment 


SALESMAN 


HARD SURFACING 
SPECIALIST 


The nations’ leading alloy 
arc welding electrode manu- 
facturer has an excellent 
sales opportunity for an ex- 
perienced hard surfacing or 
alloy electrode salesman. 
Attractive salary and incen- 
tive program with oppor- 
tunity for rapid advance- 
ment. 


Send complete resume of 
experience and_ personal 
background. All replies will 
be held confidential. Write 
to 


BOX V-389 


WELDING JOURNAL 


and custom fixtures. 


OPPORTUNITIES 
FOR 


PERSONNEL 


Welding Engineers 


ACF INDUSTRIES, INCORPORATED 
ALBUQUERQUE, NEW MEXICO 


ENGINEERING AND TECHNICAL 


VISIT 
THE AWS. 
WELDING 
SHOW 


Graduate engineers with degrees in mechanical, metallurgical or electrical 
engineering with three to five years in welding research and develop- 
ment. Individuals selected will carry full responsibility for major proc- 
ess development work. 


Non-Destructive Testing Engineers 


Graduate mechanical and electrical engineers, or others with substantial 
experience in radiography, ultrasonics, eddy current and penetrant flow 
detection methods and their interpretation. Individuals sought are com- 
petent in all areas of non-destructive testing, with particular concentration 
in radiography and ultrasonics. Must enjoy working knowledge of inter- 
pretive techniques and be capable of assuming full responsibility for 
conduct of non-destructive testing operations. 


ACF Industries, Incorporated, Albuquerque Division, is a prime contractor 
for the Atomic Energy Commission. Albuquerque is located in the rap- 
idly expanding Southwest with a high, dry, mountainous climate, ade- 
quate schools, churches, and recreational facilities. U. S. Citizenship 
is required. Send resume to: 


R. L. Hansen 

Employment Section 

P. O. Box 1666 
Albuquerque, New Mexico 


LOS ANGELES, CAL.—APRIL 25-29, 1960 


Whatever the particular job 
you have to do—we have the 
right FLUXINE you need. Be- 
sides our 25 FLUXINES we 
carry a complete line of “KOP- 
R-ARC" coated rods for weld- 
ing copper and all copper 
alloys. 


Write on company letterhead for chart and generous sample 
stating which FLUXINE desired. 


KREMBS & COMPANY 
(Est. 1875) 
Dept. W, 669 W. Ohio St., Chicage 10, Ill. 
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For Your Job 
or Your jence 
in welding 


ROBVON 
BACKING RINGS 


APPROVED FOR 
WELDED PIPE, VALVES 
AND FITTING JOINTS 


TYPE ¢ 

Designed for precise close tolerance fit-up. 
Type ‘“C’’ NUBS automatically sets root gap 
The NUBS melt with the metal to give com- 
plete penetration and fusion. 


TYPE CC 

Designed to allow quick easy alignment of 
pipe where the inside diameters are slightly 
out of round. The welder has the choice of 
“STRIKING OFF’ the NUBS or leaving 
them intact to be melted into the weld mass 
of the first root pass. 


TYPE CCC 

Designed for quick easy alignment of pipe 
where the variation in inside diameters 1s 
relatively great. Chamfered NUBS allow 
close tolerance fit-up and CLEAN STRIKE 
OFF. The ROBVON NUB automatically 
sets root gap. ROBVONN rings are bev- 


eled to assure non-restricted fluid flow. 


PLAIN TYPE 
Rings have flat outer surface with beveled ao 


internal edges and flat inner land. 


_ 
MACHINED RINGS a 
Robvon also manufactures machined rings to 


customer's specifications. fabricated 
TYPE Cc 


solid machined rings x-rayed. 


Available in carbon steel, 
wrought iron, chrome alloys, “Rp 
stainless steel, aluminum 

and copper. Write for full 


information. 


TYPE ccc 


q R © B V © re : 


Visit us at Booth 801 during th 
BACKING RING CO 


675 GARDEN STREET, ELIZABETH, N. J. Phone El-2-9613 


For details, circle No. 33 on Reader Information Card 
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2,907,866—-ELEcTRIC-ARC WELDING OF 
SreEL—Donald M. Yenni, Williams- 
ville, N. Y., assignor to Union Carbide 
Corp., a corporation of New York. 

Yenni’s new electric-arc welding process 
relates to welding action where an annular stream 
of shielding gas is fed along the weld electrode 
and around the weld arc and welding zone. A 
gas-borne stream of granulated slag-producing 
welding composition is fed into the welding zone 
immediately behind the arc to flux and refine 
and further shield the welding zone. Such 
feed of welding composition substantially in- 
creases the metal transfer efficiency and makes 
for efficient use of either a-c welding arc or else a 
special d-c welding arc in the process. 


PASTE AND PrRoc- 
ESS OF Brazinc—Paul D. Johnson, 
Gary, Ind., assignor to The Glidden 
Co., Cleveland, Ohio, a corporation of 
Ohio. 

This patent covers an improved brazing paste 
which has powdery particles of brazing-metal 
components dispersed in a heat-depolymerizable 
hydrocarbyl vehicle. The vehicle includes at 
least 8% by weight of heat-depolymerizable 


prepared by Vern L. Oldham 


Printed copies of patents 
may be obtained for 25¢ from the 
Commissioner of Patents, Washington, D. C. 


butene polymer of special properties. Such 
butene polymer may be mixed with other ma- 
terials such as mineral-base lubricating oil, or 
hydrocarbon gels or mixtures of such materials. 
The patent also covers the method of preparing 
an abrasive article having particles of hard metal 
carbides brazed to opposite faces of the metal 
sheet and wherein the method includes applying a 
film of the brazing paste referred to areas on 
opposite faces of a base sheet and then applying 
powdery particles of metal carbides to the applied 
paste films. Thereafter, the faces of the sheet 
are subjected to brazing conditions of atmosphere 
and elevated temperature to effect the desired 
brazing action on the metal carbides. 


2,908,800—-METAL-ARC WELDING— 
Rudolph Thomas Breymeier, Oak 
Ridge, Tenn., assignor to Union Car- 
bide Corp., a corporation of New York. 
‘This novel metal-arc welding process includes 
the step of discharging a stream of oxyargon gas 
containing 0.10 to 50.00 percent oxygen toward 
the welding arc which is struck between the end 
of the weld electrode and the workpiece. The 
arc is energized with low-frequency alternating- 
current welding power and a superimposed high- 
frequency potential of 2 to 6 megacycles. A 
continuous spray-type transfer of electrode metal 
is provided in an arc with well-defined arc 
stability. 
2,908,801—-Fusion WELDING OF 
Cresswell, 


Metrats—Robert Arthur 
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Tadworth, Surrey, 
to the British 
British Company. 


England, assignor 
ygen Co. Ltd., a 


Cresswell’s patent is on a method of fusion 
welding overlapping plates of metals or alloys 
having a refractory oxide skin thereon. The 
metal in the weld zone is subjected to vibration 
of a frequency greater than 10 cycles per second 
during the welding action and subsequent cooling 
of the molten weld metal to disrupt and disperse 
any refractory oxide skin between the over- 
lapping plates. 


2,908,802—-ROLLER - WELDING APPA- 
RATUS—Michael Watter and Walter S. 
Eggert, Jr., Philadelphia, Pa., as- 
signors to the Budd Co., Philadelphia, 
Pa., a corporation of Pennsylvania. 

The patented roller-welding apparatus is for 
resistance-welding action. The apparatus in- 
cludes a supporting table for guiding the move- 
ment of a workpiece in a horizontal plane, 
and a pair of welding electrodes are mounted to be 
movable toward and from each other for coacting 
with opposite sides of a workpiece moving on the 
table. Means positioning the electrodes permit 
their adjustment relative to the top surface of 
the table so that the electrodes face each other 
squarely relative to a median working plane 
between them which is at different elevations 
relative to the top surface of the table. 


2,908,803—-ELEcTRIC - RESISTANCE 
WELDING MacHINE—Arthur L. Wil- 
liams and James F. Deffenbaugh, 
Warren, Ohio, assignors to the Federal 
Machine and Welder Co., Warren, 
Ohio. 


A current-carrying arm, and a current-carrying 
shaft journaled by the arm and providing an 
electrode wheel are provided in this new resistance 
welding machine. Means are present to effect 
current flow between the arm and the shaft and 
they comprise a flexible member having one 
portion connected to the arm and a spaced portion 
engaging the shaft and yieldingly pressed there- 
against. 


2,908,804—-UNIVERSAL SPOT-WELDING 
MAcHINE— Michael Watter and Walter 
S. Eggert, Jr., Philadelphia, Pa., as- 
signors to the Budd Co., Philadelphia, 
Pa., a corporation of Pennsylvania. 


In this new welding apparatus, it includes 
electrode supporting means comprising a com- 
pound arm having a plurality of bars and con- 
necting joints between the bars providing move- 
ment about a plurality of laterally-spaced vertical 
axes adjacent the pedestal portion of the ap- 
paratus and a horizontal axis located outwardly 
beyond the vertical-joint axis. An electrode 
holder is mounted on the outer end of the com- 
pound arm and has a joint therewith providing 
turning movement about another horizontal 
axis disposed at right angles to the first hori- 
zontal axis, whereby the electrode is readily 
adjustable in various directions with relation to 
the weld or frame. 


2,908,805_AUTOMATIC WELDING 
TorcHes—William R. Apblett, Me- 
tuchen, N. J., and Johannes A. Wede- 
kind, Los Altos, Calif., assignors to 
Foster Wheeler Corp., New York, 
N. Y., a corporation of New York. 

In this patent, a welding torch is disclosed for 
welding a tubular member to a plate. Special- 
ized mounting means are provided so that the 
electrode will be positioned to be carried in a 
circular path about the tubular member to be 
welded, to provide the desired weld action. 


2,909,642-MEANS AND METHOD FOR 
Deep-FLUX Arc WELDING—George G. 
Landis, South Euclid, Ohio, assignor 
to the Lincoln Electric Co., Cleveland, 
Ohio, a corporation of Ohio. 


Landis’ process relates to deep-flux or sub- 
merged-arc welding wherein an electrode is ad- 
vanced through a layer of flux while an arc is 
maintained between the electrode and the work 
piece. The process particularly relates to the 
step of introducing into the arc with the electrode 
and independent of the flux a substance capable 
of vaporizing in the heat of the arc and in such 
amount that the volume of vapor produced is 


sufficient to offset the arc vacuum tending to suck 
the flux particles into the weld trough. 


2,909,644—-METHOD FOR MANUFAC- 
TURING COMPOSITE-SANDWICH PANELS 
—Donald W. Cole, Weatherford, Tex., 
assignor to General Dynamics Corp. 
San Diego, Calif., a corporation of 
Delaware. 

This patent is directed toward a method of 
maintaining the components of a composite 
metallic-sandwich panel in a desired relationship 
preparatory to final integration of the com- 
ponents. The method comprises positioning the 
components of the panel upon a conductive sup- 
port and then spot brazing the members together 
at desired portions thereof by a current passed 
through the conductive support and contiguous 
portions of the components of the sandwich panel. 


2,909,645—-Contact TUBE FOR ARC- 
WELDING Unit—Milford E. Berg, Mil- 
1 Wis., assignor to A. O. Smith 
, Milwaukee, Wis., a corporation 
ew York. 

eo feature of Berg’s patent is the provision of 
a relatively thin wall in a member that is adapted 
to support a metallic contact tube that has the 
electrode passing therethrough. This special 
thin-walled end permits ready removal of portions 
of the wall if welded to the electrode by weld- 

spatter action. 


APPARA- 
Ttus—John A. Russell, Milwaukee, 
Wis., assignor to A. O. Smith Corp., 
Milwaukee, Wis., a corporation of New 
York. 

The patented apparatus is used in arc welding 
wherein a consumable electrode is fed toward a 
workpiece. The patent particularly relates to 
control means for the drive assembly used to feed 
the electrode to the workpiece and to prevent 
undesired electrode feed by inertia of the drive 
means. ‘The control means also functions to feed 
the electrode to the workpiece simultaneously 
with the initiation of a new welding cycle. 


2,909,647—-WIDE-RANGE POWER-SUP- 
PLY SYSTEM FOR WELDING EQUIPMENT 
—George G. Glenn, Oakland, and 
William W. Fibson, Alameda, Calif., 
assignors to Glenn Pacific Power 
Supply Corp., Oakland, Calif., a 
corporation of California. 

A novel welding-system control is disclosed in 
the present patent and the control apparatus 
includes a transformer the secondary of which is 
connected to rectifying means and with the power- 
supply system being substantially devoid of 
inductive reactance when operating as a 
constant-voltage power-supply system. Other 
means for selectively including an inductive re- 
actance of desired value in the power system are 
provided to aid in the control action. 


2,909 ,648-——METALLIC VAPOR- 
SHIELDED ELECTRIC-ARC WELDING— 
George G. Landis and John E. Carroll, 
South Euclid, Ohio, assignors to the 
Lincoln Electric Co., Cleveland, Ohio, 
a corporation of Ohio. 

The present process relates to an electric arc- 
welding action between a steel workpiece and an 
energized steel electrode. The feature of the 
patent comprises feeding into the arc with the 
electrode between 5 to 10% of a metal from the 
class of bismuth, cobalt, silver, tin and cadmium 
80 as to produce a metal vapor that is positioned 
externally of the steel electrode. 


2,909,650--METHOD AND MEANS FOR 
BARE-ELECTRODE WELDING OF ALLOY 
Sreets—George G. Landis, South 
Euclid, and Donald M. Patton, Willo- 
wick, Ohio, assignors to the Lincoln 
Electric Co., Cleveland, Ohio, a corpo- 
ration of Ohio. 

A special arc-welding electrode is covered in 
the claims of the present patent. The electrode 
is in the form of a hollow steel tube having an 
interior filled with one or more killing agents of a 
given class and one or more killing agent pro- 
tectors selected from a listed class. Pay een oxide 


solvents and alloying ingredi ts of 
1 to 50% that are selected from a ‘listed class of 
the electrode. 
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..and OMARK-GRAHAM stud welding system 


will increase speed, lower costs of your fastenings 


Weld To Many Metals Without 
Burn-Through Or Distortion 


a You can lower your fastening costs and speed up production 
mo! of metal fabrication with OMARK-GRAHAM stud welding 
tn system. Fasten studs of any design to steel, stainless steel, 
ae copper, aluminum or zinc. 

oe The OMARK-GRAHAM stud welding system can be used 
em on finished products without harming the finished side whether 
f it is plated, painted or plastic coated. This fastening method 
"3 is being used by manufacturers in every branch of industry: 
"Ad aircraft, electronics, household goods and automotive. Saves 
soe money in design and production; can replace forming, cast- 
ing, soldering, brazing operations. 
. Investigate this product-improving, cost-lowering fasten- 
ae: ‘ ing method now. Our sales and engineering departments will 
help you work out the details that will save you money. 
Wide Range Of Standard And 
Whether it’s a tiny stud to be fastened to aluminum hearing Custom -Designed Welders And Studs 
aid-eyeglasses or a sturdy, specially-designed functional part 
Gere’) on Whatever your fastening requirements, OMARK-GRAHAM 


stud and welder to do the job. 
offers a machine and studs that will do the job. Machines can 


be automatic or manually operated; single welding gun or 
multiple. Studs can be made from many types of metal in many 


shapes or sizes, 


For More Information, Write, Wire or Telephone: 


OMARK Industries, Inc. 


1015 Reading Road, Cincinnati 41, Ohio, PRinceton 1-3131. 
9701 S. E. McLoughlin Blvd., Portland 22, Oregon, Olive 4-6531 
Copyright 1960 by OMARK Industries, Inc. 


Two of the models of OMARK-GRAHAM stud welders avail- 
able for production line welding without burn-through or 
distortion. 


Branch Offices: Westwood, Mass.; Baltimore, New York, Miami, Tampa, Orlando, New 
Orleans, Mobile, Cincinnati, Milwaukee, Dallas, St. Louis, Chicago, Los Angeles, San 
Francisco, 


For copies of articles, write directly to 
publications in which they appear. AA list of 
addresses is available on request. 


Aluminum Alloys 


New Aluminum Alloy Not Prone to 
Brittle Fracture, R. D. Olleman and 
G. C. Wolfer. Welding Engr., vol. 
44, no. 11 (Nov. 1959), pp. 42—45. 


Arc Welding 


Are Welding of High-Strength Steels 
for Aircraft and Missile Structures. 
Battelle Memorial Inst.—-DMIC Memo- 
randum 27 (July 31, 1959), 43 pp. 


Developments in Arc Welding, G. E. 
Cossaboom. Westinghouse Engr., vol. 
19, no. 4 (Sept. 1959), pp. 130-133. 


New Electro-Slag Welding Process, 
D. J. W. Boag and W. K. B. Marshall. 
Brit. Welding J., vol. 6, no. 11 (Nov. 
1959), pp. 507-513; see also abstract 
in Welding & Metal Fabrication, vol. 
27, no. 11 (Nov. 1959), pp. 430-432. 


Welding of Low-Alloy Steels, H. 
Thielsch. Can-Metalworking, vol. 22, 
no. 10 (Oct. 1959), pp. 34-36. 


Automobile Manufacture 


Building Unitized Bodies at American 
Motors, W. C. Hartley. Machy. 
(N. Y.), vol. 66, no. 4 (Dec. 1959), 
pp. 131-137. 


Economical Press Tooling for Ford 
Falcon, C.H. Wick. Machy. (N.Y.), 
vol. 66, no. 4 (Dec. 1959), pp. 124 
130. 


Welding of Stub Frames for Chrysler 
Unibody, C.H. Wick. Machy. (N. Y.,) 
vol. 66, no. 4 (Dec. 1959), pp. 
144-152. 


Automobile Plants 


Description of New Plant and Facilities 
in Operation at Dagenham Works of 
Ford Motor Co., Ltd. Sheet Metal 
Industries, vol. 36, no. 391 (Nov. 
1959), pp. 708-762, 776. 


Beryllium 


Joining of Beryllium. Battelle Mem- 
orial Inst—DMIC Memorandum 13, 
(Mar. 30, 1959), 26 pp. 


Columbium 
Fabrication of Pure Columbium. 
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telle Memorial Inst—DMIC Memor- 
andum 34 (Sept. 11, 1959), 6 pp. 


Copper Alloys 


Welding Some Aluminum Bronzes, 
B. Threhearne. Welding & Metal 
Fabrication, vol. 27, no. 12 (Dec. 
1959), pp. 468-471. 


Electroslag Welding 


Technological and Metallurgical As- 
pects of Electro-Slag Welding, E. 
Bishop. Welding & Metal Fabrication, 
vol. 27, no. 12 (Dec. 1959), pp. 461-— 
467. 


Heat-treating furnaces 


Vacuum Heat Treatment, F. J. Becket. 
Metal Treatment & Drop Forging, 
vol. 26, no. 170 (Nov. 1959), pp. 
391-399. 


Iron Castings 


Welding Nodular Cast Iron, R. C. 
Bates. Metal Progress, vol. 76, no. 5 
(Nov. 1959), pp. 95-99. 


Light Metals 


Effect of Wire Diameter on Metal 
Transfer in Aluminum Self-Adjusting 
Arc, A. A. Smith and J. G. Poley. 
Brit. Welding J., vol. 6, no. 12 (Dec. 
1959), pp. 565-568. 


Specifications Developed for Produc- 
tion Welding of Thoriated Magnesium, 
H. Meredith. Welding Engr., vol. 
44, no. 11 (Nov. 1959), pp. 29-31. 


Missile-launching Systems 


Electrode Weld Metal for Fabrication 
of Dynamically Loaded Shipboard 
Missile Launching Systems, J. S. 
Kobler. Am. Soc. Naval Engrs. 
J., vol. 71, no. 3 (Aug. 1959), pp. 
543-551. 


Missile Manufacture 


Metals and Fabrication Methods Used 
for Atlas, A. Hurlich. Metal Progress, 
vol. 76, no. 5 (Nov. 1959), pp. 65— 
73. 


Solved: Welding Problem for Thin- 
Wall, High Strength Steel Missile 
Tank, E. P. Owen. Western Metal- 
working, vol. 17, no. 10 (Oct. 1959), 
pp. 52-53. 


Motors Manufacture 


Hydraulic Press-Welding Method for 
Production of Motor Lamination 
Stacks, W. C. L. Fricke. Tooling & 
Production, vol. 25, no. 7 (Oct. 1959), 
pp. 68, 70. 


Nickel Alloys 


Welding of Wrought Age-Hardenable 
Nickel-Base Alloys for Service at 
Elevated Temperatures. Battelle 
Memorial Inst-~-DMIC Memorandum 
38 (Nov. 25, 1959), 17 pp. 


Nuclear Reactors 


Automatic Welding of Nuclear Power 
Plant, J. Danks. Welding & Metal 
Fabrication, vol. 27, no. 12 (Dec. 
1959), pp. 473-474. ; 


Oil-field Equipment 


Hardsurfacing Can Increase Life of 
Tool Joints and Drill Collars, R. R. 


Fayer. World Oil, vol. 149, no. 2 
(Aug. 1, 1959), pp. 68-71. 


Oxygen Cutting 


Oxygen Flame Cutting and Its Applica- 
tions, F. Clark and D. G. Harman. 
Mass Production, vol. 35, no. 8 (Aug. 
1959), pp. 45-54; no. 9 (Sept.), 
pp. 77-83. 


Oxygen-cutting machines 


Automatic Tracing for Gas Cutting 
Machines, J. S. Cheverton. Elec- 
tronic Engr., vol. 31, no. 376 (June 
1959), pp. 326-329. 


Pipe lines 


Double Jointing Without Internal 
Pass or Tack Weld, D. G. DePugh. 
Pipe Line Industry, vol. 10, no. 2 
(Feb. 1959), pp. 38-40. 


Quality Control 


How to Buy Better Welding Quality, 
H. Thielsch. Steel, vol. 145, no. 24 
(Dec. 14, 1959), pp. 94-95. 


Some Aspects of Quality Control in 
Fusion-Welded Products, B. K. Barber. 
Brit. Welding J., vol 6, no. 10 (Oct. 
1959), pp, 480-487. 


Resistance Welding 


Practical Approach to Resistance 
Welding, K. H. McDowell and D. 
A. Weeks. Brit. Welding J., vol. 6, 
no. 9 (Sept. 1959), pp. 381-395. 


Recommended Program for Resistance- 
Welding Instrumentation, A. Dixon. 
AIEE—Trans., vol. 79, pt. 2 (Applica- 
tions & Industry), no. 44 (Sept. 1959), 
pp. 199-209. 


Rockets Manufacture 


Missile Age Rockets Ahead as Army 
Enlists Welding, C. F. Crowson 
and A. H. Butler, Jr. Welding Engr., 
vol. 44, no. 11 (Nov. 1959), pp. 52, 54. 


Rolling-mill Practice 


Flame Scarfing Stainless and Heat- 
Resistant Steels, D. I. Gololobov 
and B. M. Litvinov. Stahl (in English), 
no. 2 (Feb. 1959), pp. 122-123. 


Shipbuilding 


Fourth Technical Progress Report of 
Ship Structure Committee. Welding 
Research Council—-Bul. Series no. 55 
(Nov. 1959), 14 pp. 


“Oriana.” Welding & Metal Fabrica- 
tion, vol. 27, no. 11 (Nov. 1959), 
pp. 398-406; see also Light Metals, 
vol. 22, no. 258 (Nov. 1959), pp. 
256-257. 


Stainless Steel 


Procedures for Welding 17-4 PH 
Stainless Steel, G. E. Linnert. Welding 
Engr., vol. 44, no. 11 (Nov. 1959), 
pp. 38-40. 


Stainless-steel Brazing 


Vacuum Cuts Cost of Brazing Stain- 
less Steel, R. C. Gibbons and A. 
Goudreau. Am. Mach., vol. 103, 
no. 23 (Nov. 2, 1959), pp. 110-111. 
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PORTABLE 
PRECISION 
IN ULTRASONIC 
WELD 
INSPECTION 


£ Screw flight faces receive a 1” wide over 
lay, using Colmonoy No. 1 electrodes 


WW 


Colmonoy Hard-Surfacing 
of Sand Conveyor Screws 


THE NEW BRANSON 


SONORAY 


crew periphery is protected by %” wide 
verlay of WCR-100 oxy-acetylene rod 


Cuts High Replacement 
Costs a Big 94 Per Cent 


Using a combination of two Colmonoy hard- 
surfacing alloys, the operator of the foundry sand 
screw shown above now reclaims worn screws for 
less than half the cost of buying new ones—and 
they last six times as long. Overall costs are also 
lowered by reducing the number of overhauls, 
with less labor and down-time being required. 


MODEL 5 


for inspection of raw materials going into weld- 
ments, as well as of the finished weld itself, goes 
with you to the job wherever it may be... brings 
laboratory precision into the field and permits the 
most accurate evaluations of internal structure pos- 
sible today. Simplified controls, easily mastered by 
non-technical personnel, are centralized on the 
front panel. Skilled service by factory-trained 
specialists is always available across the nation. 


PORTABLE: Weighs only 37 pounds complete. 


SENSITIVE: Detects all cracks; 
instrument response adjustable 
to suit exact quality require- 
ments of any job. 


PRECISE: Completely locates, 
and determfnes extent of, in- 
ternal discontinuities. 


ECONOMICAL: Costs $2750. 


BRANSON INSTRUMENTS INC. 
64 BROWN HOUSE ROAD + STAMFORD « CONN. 


Spectacular savings such as these might well be 
made in your plant too. You know which equip- 
ment suffers excessive wear. Col- 
monoy sales engineers know what 
to do about it. Call one, or write to 
Detroit regarding your problem part. 


Ask for Colmonoy Hard-Facing Manual No. 79. 


HARD-SURFACING AND BRAZING ALLOYS 


BIRMINGHAM BUFFALO CHICAGO HOUSTC OS ANGELES 
MORRISVILLE, PA. - NEW YORK - PITTSBURGH MONTREAL GREAT BRITAIN 


For details, circle No. 35 en Reader information Card For details, circle No. 36 on Reader information Card 
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Welding and Cutting Torches 


Air Reduction Sales Co., 150 E. 
42nd St., New York 17, N. Y., has 
just issued a newly revised 36-page 
catalog on its line of gas-welding 
and cutting hand torches, outfits, 
tips and accessories. The com- 
pany’s complete group of equip- 
ment is covered in detail with gen- 
eral descriptions, features, specifica- 
tions and photographs given for 
each product. Also included are 
specification charts on Airco welding 
and cutting tips listing all pertinent 
information that a user might need 
to make the proper selection for both 
general purpose and special gas 
welding and cutting. Information 
has been added on many new prod- 
ucts and improvements. 

For your free copy, circle No. 60 
on Reader Information Card. 


Types of Hard Surfacing Described 


A booklet featuring information 
on a complete line of mechanized 
hard-surfacing equipment and ma- 
terials has been released by Haynes 
Stellite Co., Division of Union 
Carbide Corp., 420 Lexington Ave., 
New York 17, N. Y. 

Machines and materials for five 
types of hard surfacing are discussed 
in the 24-page book. A separate 
chapter is devoted to oxyacetylene, 
submerged-arc, semiautomatic 
open-arc, inert-gas-shielded arc, 
and spraying methods. Each type 
is particularly suited to a field of 
application. 

For your free copy, circle No. 61 
on Reader Information Card. 


ASA Safety Code Revised 


The newly revised American 
Standard Safety Code for Head, 
Eye, and Respiratory Protection, 
Z2.1-1959, 48 pp., is available from 
the American Standards Assn., 
Dept. PR121, 70 E. 45th St., 
New York 17, N. Y., at $3.00 per 
copy. 

The purpose of the 46-page stand- 
ard is to provide reasonable and 
adequate means, ways and methods 
for the proper selection and safe use 
of head, face, neck, eye and respira 
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and enecifications are 


tory protective equipment. It ap- 
plies to all operations or processes 
except those relating to communi- 
cable airborne diseases or particu- 
late radiation effects. 

The code is sponsored under ASA 
procedures by the Department of 
the Navy, the National Bureau of 
Standards and the U. S. Bureau of 
Mines. A total of 33 national 
groups are members of the ASA 
sectional committee which prepared 
the latest revision. Available safety 
equipment for use in connection 
with modern production environ- 
ments has been included. 

For details, circle No. 62 on Reader 
Information Card. 


Alloy Brazes and Overlay 


The four-page “Colmonoy Alloy 
News” for December illustrates 
some applications of hard surfacing 
by welding and spraying and some 
unusual brazing applications. 

For your free copy, circle No. 63 
on Reader Information Card. 


Resistance-welding Bulletin 


Sciaky Bros., Inc., 4915 W. 67th 
St., Chicago 38, Ill, describes 
resistance welding applications in 
missile and aircraft components 
in their Resistance Welding at Work, 
vol 5, no. 6. 

Also the new research division, 
Sciaky Bros., Inc., 2311 Purdue 
Ave., Los Angeles 64, Calif., offers 
to send on request information 
developed from time to time on a 
variety of subjects related to resist- 
ance welding. 

For your free copy, circle No. 64 
on Reader Information Card. 


Applications in Aluminum 


The Aluminum Bulletin, winter 
1959-60, is offered by the Aluminum 
Assn., 420 Lexington Ave., New 
York 17, N.Y. Information is con- 
tained on new products and applica- 
tions. 

For your free copy, circle No. 65 
on Reader Information Card. 


Copper and Brass Bulletin 


The Copper and Brass Bulletin, 
No. 192, February 1960, is issued by 


For vour free conv. circle No. 75 


the Copper and Brass Research 
Assn., 420 Lexington Ave., New 
York 17, N. Y. This issue features 
the use of copper metals in the 
various fields of building construc- 
tion. 

For your free copy, circle No. 66 
on Reader Information Card. 


Welding Accessories 


A 16-page, arc-welding supply 
catalog gives information on the 
complete line of Hobart arc-welding 
accessories and supplies including: 
headshields, grinding shields, gog- 
gles, cleaning tools, electrode hold- 


accessories 


ty 


ers, cable connectors, ground 
clamps, work-holding clamps, weld- 
ing cable, protective clothing, weld- 
ing gloves and miscellaneous equip- 
ment. 

For your free copy, circle No. 67 
on Reader Information Card. 


Portable X-ray Unit 


Complete technical information 
on its recently introduced Balto- 
graph 300 portable X-ray unit is 
available from Balteau Electric 
Corp., New and Meadow Sts., 
Stamford, Conn. The flyer offers 
specifications, plus information on 
operating performance, as well as 
recommended uses and applications. 

For your free copy, circle No. 68 
on Reader Information Card. 


Brazing and Heat Treating 


A 10-page brochure published by 
Pyromet Co., 429 S. Canal St., 
South San Francisco, Calif., gives 
details of the furnace brazing and 
heat-treatment processes available 
at its plant. 


For your free copy, circle No. 69 | 


on Reader Information Card. 


Tungsten Bibliography 


A complete bibliography on the 
element tungsten has been made 


nace-braze cast iron and remedies 
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available by Sylvania Electric Prod- 
ucts, Inc., Chemical and Metal- 
lurgical Div., Towanda, Pa. 

The new bibliography is said to be 
the most complete guide to tungsten 
references available. It includes 
references appearing in U. S. and 
foreign publications from 1953 to 
1958. Intended for research and 
development personnel, the book 
contains 44 pages with 409 refer- 
ences. Each reference includes the 
name of the author, a brief descrip- 
tion of the article and where it 
appeared. In addition, it contains 
a subject index, a listing of physical 
properties of tungsten and 19 phase 
diagrams. 

For your free copy, circle No. 70 
on Reader Information Card. 


Braze Welding 


“Ampco Welding News,” 4th 
Quarter, 1959, the house organ of 
Ampco Metal, Inc., Box 2004, 
Milwaukee 1, Wis., has been issued. 
In addition to applications involving 
the use of its line of electrodes, a 
description is given of the use of 
aluminum-bronze plate material, 
Ampco-8, for corrosive pressure 
work. 

Also offered is a wall chart, 
20'/, x 29'/, in., containing standard 
data essential in the proper schedul- 
ing of resistance welding. 

For your free copy, circle No. 71 
on Reader Information Card. 


Photomicrography 


A “how-to” book, Photomicrog- 
raphy of Metals, a reference guide 
for metallurgists, has been offered by 
Sales & Service Div., Eastman 
Kodak Co., Rochester 4, N. Y., at 
50 cents per copy plus 10 cents 
handling. 

The 46-page data book may also 
serve as a short course in photo- 
micrography for those metallurgists 
interested in reviewing the latest 
techniques in this field. In addi- 
tion, Kodak points out that the 
booklet should prove a_ valuable 
addition to metal industry technical 
libraries as well as serving as a 
supplemental text for college-level 
metallurgy students. 

For details, circle No. 72 on Reader 
Information Card. 


Engine-powered Welding Units 


Four models of “‘Sureweld”’ gaso- 
line engine-powered welding units, 
which provide d-c or a-c /d-c welding 
current for jobs beyond the power 
line, are described in a new brochure 
(NH-179) available from National 
Cylinder Gas Division of Chemetron 
Corp., 840-N. Michigan Ave., 
Chicago 11, II. 


“Bernard” WATER COOLERS provide the most 
complete selection of cooler circulators for use on the 
following types of welding equipment, at prices from 
$92.00 to $325.00. 


MIG (GUN) AUTOMATIC INDUCTION 


PROVIDES ... 
ELIMINATES .. . 
PROTECTS . . 


SELECTION . . 


“Visit our booth 518 at 
the Welding Show” 


piONEER FoR 


BERNARD 


MODERN WELDING 


A dependable trouble-free source of coolant 
for your welding equipment, in the shop or 
in the field. 


Expensive plumbing, long hoses, etc. 


Equipment from burn-outs, clogging of nozzles, 
etc. 


9 Models to choose from, 


Remember 


There is a Bernard Cooler to fill 
your cooling need. 
Call your welding distributor or write today 


BERNARD WELDING EQUIPMENT CO. 


10232 Avenue N Chicago 17, Illinois 


For details, circle No. 37 on Reader Information Card 
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Dimensions and specifications are 
given for each of the units: SD- 
250-WE, SD-250-L, SDA-300-L and 
SDAH-350-L. Welding range, 
rated output, maximum voltage and 
auxiliary power specifications are 
listed for each. The engine is also 
described. 

For your free copy, circle No. 73 
on Reader Information Card. 


Gamma Radiography 


A line of gamma radiography 
equipment has been announced by 
Radiation Engineered Services, 
Lafayette and Water Sts., Norris- 
town, Pa., and is described in a 4- 
page folder. 

The machines utilize the radio- 
isotopes cobalt 60, iridium 192, 
cesium 137 and thulium 170 in the 
nondestructive inspection of metal 
castings, parts and weldments 
through gamma radiography, simi- 
lar to industrial x-ray. 

For your free copy, circle No. 74 
on Reader Information Card. 


Hose and Cable Reels 


Automatic reels for hose and cable 
are described in a new catalog issued 
by United Specialties, Inc., P. O. 
Box 698, El Dorado, Ark. Styles 
and types are shown for single and 
dual hose and cable application. 


#306 
ALCOA BOOTH 
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For your free copy, circle No. 75 
on Reader Information Card. 


Plaque Shows Basic Metallurgy 


The colorful “Basic Guide to 
Ferrous Metallurgy” popularized 
by Tempil® Corp., 132 W. 22nd 
St., New York 11, N. Y., is now 
available as a_ plastic-laminated 
rigid plaque. The guide illustrates 
the carbon-iron diagram through 
the entire heat range and shows the 
important working zones, grain-size 
changes, metallurgical definitions — 
all related to a temperature scale 
and hot-body radiant colors. 

A nominal change of $5.00 covers 
cost and mailing in U.S.A. 

For details, circle No. 76 on 
Reader Information Card. 


Electric-furnace Brazing 


“‘How and where to use electric- 
furnace brazing’’—bulletin GEA- 
3193C—50 pp., a reprint of an all- 
time best seller on the subject of 
electric-furnace brazing, by General 
Electric Co., Schenectady 5, N. Y. 

Illustrated bulletin covers such 
subjects as the where and why of 
furnace brazing, how to remove 
copper from steel after brazing, 
application and selection of brazing 
metal, selection of flux, strength of 
furnace-brazed parts, how to fur- 


nace-braze cast iron and remedies 
for furnace-brazing ailments. Com- 
piled several years ago, this popular 
publication contains pertinent in- 
formation. 

For your free copy, circle No. 77 
on Reader Information Card. 


Low-temperature Brazing 


A 4-page, 3-color brochure has 
been made available by American 
Brazing Alloys Corp., P. O. Box 11, 
Pelham, N. Y. The brochure lists 
compositions, melting points and 
other data about the company’s line 
of silver solder as well as other braz- 
ing alloys available. It also con- 
tains a comparison chart to the 
other leading brands available. 

For your free copy, circle No. 78 
on Reader Information Card. 


Resistance Welding 


Sciaky Bros., Inc., 4915 W. 67th 
St., Chicago, Ill., announce Vol. 5, 
No. 6, of their ““Resistance Welding 
at Work.” 

This 16-page bulletin is the fifth 
of a series which describes a variety 
of resistance-welding case histories. 
Both high standard aviation and 
commercial welding are included. 

For your free copy, circle No. 79 
on Reader Information Card. 


You can see 


For details, circle No. 36 on Reader Information Card 


SONOWELD’ 


ULTRASONIC 
WELDING EQUIPMENT 


in operation at the 
AWS WELDING SHOW 


THE ALCOA BOOTH 


Nonfusion welding of aluminum in thicknesses 
ranging from foil gauges to heavy sheet 


SONOBOND CORPORATION 
West Chester, Pa. 
A Subsidiary of 
Aeroprojects, Incorporated 
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rT ” These new controls are available as complete “package” 
A COMPLETE PACKAGE *** wnits—completely wired and ready to install. And every 
control is equipped with a Weltronic, tube firing, 3B Timer. 


237-0105 ‘ 234-2776 


Single Heat Dual Heat : 
a 234-2719 


234-2765 = Up 
Compensator 


234-2790 
a A. C. Forge 


J 
\ 
234-2787 
Chill & 
Temper 
—— 
234-2554 
Heat Control 
234-2805 
—— 234-2774 Dual Schedule 
¢ Duo! Pressure 
222-0191 
234-2717 
ilot 
j Platen 
Control 234-2073 
OR Platen 
Dela 
234-2775 
Dual Weld 
* 234-2821 
OR Additional 
Weld 
234-2072 Squeeze 
Delay 
222-0222 
OR 
234-2548 234-2768 Retraction & Duci Gun 
Electronic 234-2767 Dual Gun 
234-1970A Water Sover 234-2766 Retraction 
500 VA Valve 
Power Supply 
234-2071 
Electronic Valve 
( (Heavy Duty Valves) 


(For Pilot a 
Operated 
Valves) 


234-2812 


j Electronic 
Valve 


SEE US AT BOOTH 114 - AWS SHOW - LOS ANGELES. CALIF. 


For details, circle No. 39 on Reader information Card 
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TEC 


For details, circle No. 40 on Reader Information Card 


IMPORTANT WELDING 
NEWS! 


Many Joints considered 
impossible before are 
Now possible with TEC 
Visuweld Equipment ! 


Formerly, Design Engineers were restricted in 
certain design plans by joint applications which 
were not able to be welded. Now, TEC Torch has 
developed equipment . . . torches and nozzles... 
which not only makes these joints practical but 
also better than ever under severe testing condi- 
tions. Here, are sample joints of many that TEC 


now makes possible: 


CLIP AND MAIL THIS HANDY 
BELOW 


TEC TORCH CO., Inc. 


300 Paterson Avenue 
Caristadt, New Jersey 


Gentlemen: 
| would like additional information about weldable joints 
now possible with TEC equipment: 
BOOTH +619 span 26-27-28 


conse, WELDING 


Sponsor AMERICAN WELDING SOCIETY. 
APRIL NATIONAL WELDED PRODUCTS MONTH 
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TEC TORCH CO., INC. 


Manufacturers of Visuweld Equipment 


Ultrasonic Thickness Gage 


Two portable thickness testers, 
““Audigage”” Model 5 and Model 6, 
are detailed in 8-page Bulletin A-200 
available from Branson Instru- 
ments, Inc., 40 Brown House Rd., 
Stamford, Conn. These ultrasonic 
gages permit measurement of thick- 
ness from only one side of a wide 
variety of materials. 

An “Audigage’”’ is also said to 
detect laminar flaws, and to check 
for corrosion loss on pressure ves- 
sels, piping, storage tanks, boiler 
tubes, ship hulls, and bulkheads, 
hollow forgings, extrusions, castings, 
as well as large plates and sheets. 

Portability is indicated by actual 
weight—18 lb for Model 5 and 
4*/, lb for the transistorized Model 
6. The larger unit provides accur- 
acy of 1-3% over a range of 0.060— 
12.0 in. The Model 6 is accurate to 
within 5% from 0.090 to 5.0 in. 

For your free copy, circle No. 80 
on Reader Information Card. 


Education in Metallurgy 


An illustrated folder has been 
issued by California State Poly- 
technic College, San Luis Obispo, 
Calif., describing opportunities in 
the metallurgical profession and the 
course of studies in physical metal- 
lurgy offered by the college. A 
copy and further information may 
be obtained by writing to Associate 
Dean (Admissions), or by circling 
No. 81 on Reader Information Card. 


Multiarc Welding 


Technical and economic signifi- 
cance of recent developments in 
multiarc welding are highlighted in 
an illustrated bulletin issued by 
J. B. Nottingham & Co., Inc., 441 
Lexington Ave., New York 17, N. Y. 
The publication explains how the 
multiare principle reduces equip- 
ment requirements and simplifies 
installation and maintenance. Also 
described are the various fields of 
welding applications and actual cost 
savings. 

For your free copy, circle No. 82 
on Reader Information Card. 


CO.-welding Data 


Operating data for the ‘Dual 
Shield”’ carbon dioxide welding proc- 
ess is shown in a brochure available 
from National Cylinder Gas Divi- 
sion of Chemetron Corp,. 840 N. 
Michigan Ave., Chicago 11, II. 

The brochure (NH-636) gives 
automatic-welding data for all 
positions suitable on mild steel and 
data for mild-steel spot welding. 

For your free copy, circle No. 84 
on Reader Information Card. 
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on Murex low-alloy and mild-steel electrodes 


Here’s the new “encyclopedia” of all M&T MUREX 
low-alloy and mild-steel electrodes. It’s an impor- 
tant, handy reference that any welding man will 
want to have—and use. 

Each of the 32 cards gives you pertinent data 
you need to choose the right electrode: AWS num- 
ber, color markings, general use, welding character- 
istics, chemical analysis of deposit, tensile strength, 
yield point, elongation, reduction of area, sizes, type 
of current and amperage. Another card gives heat 


Detection. Be sure to visit Booths 603-604 


during Welding Show in Los Angeles April 26-28 
where you can enter the BIG MaT CONTEST FEATURING 
A 1960 AUTOMOBILE AS THE PRIZE. 


For details, circle No. 41 on Reader Information Card 


treating data for all commonly used types of low- 
alloy and mild-steel. 

One of the broadest lines available, MUREX elec- 
trodes enable you to choose the one type and size 
that is just right for the job. Send for this Fact 
File now. 


welding products 


METAL & THERMIT CORPORATION 
General Offices: Rahway, New Jersey 


ror 
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Resistance Welding 


A 4-page house organ, ““Weld-It”’ 
No. 601, has been published by the 
Taylor-Winfield Corp., Warren, 
Ohio. Descriptions are given of 
machinery for mass production of 
formed and welded components. 

For your free copy, circle No. 85 
on Reader Informotion Card. 


Rebuilding Tractor Rails 


Four-page Data Sheet No. 102 
giving step-by-step procedure, with 
diagrams, of the proper method to 
rebuild tractor rails is offered by 
Rankin Mfg. Co., P. O. Box 631, 
Alhambra, Calif. A number of 
problems are discussed and the 
proper techniques for their solution 
is given. 

For your free copy, circle No. 86 
on Reader Information Card. 


Cable Connector 


A welding-cable connector with a 
patented locking action is described 
in a brochure published by Ampco 
Metal, Inc., Box 2004, Milwaukee 1, 
Wis. 


The illustrated bulletin W-32 
depicts the offset design of the new 
cable connector and points out the 
advantages. Replacement parts, 
which can be purchased separately 
to reduce production delay, are also 
listed. 

For your free copy, circle No. 87 
on Reader Information Card. 


OF NEW BOOK 


Nondestructive Testing 


Nondestructive Testing Handbook. 
Edited by Robert C. McMaster 
under the auspices of the Society 
for Nondestructive Testing. Ron- 
ald Press Co., New York. Two 
volumes, 8'/, x 11 in. Price, $24 
the set. 


AN. “COPY NIBBLERS” 


TRUMPF mass produce any shape 


Quickhly— 

Easily — 

Economically 

does 

Beading 

@ Folding 

@ Shearing 

Slotting 

@ Flanging 


@ Louver 
Cutting 


Eliminate high tooling costs: 


Sheetmetal is firmly clamped and guided by roller-bearing coordinates as operator 
effortlessly feeds tracer along template contours. Built-in rulers quickly position sheet 
for rectangular cuts. Circular cuts to 24’’ diameter are made through a special swivel 


ruler. 


All-side-cutting punch pierces its own starting hole—cuts in any direction without 
distortion. Copy nibbles up to 9 gage steel—regular nibbling up to 0.20’ steel— 


shears up to 4” steel. 


Steplessly adjustable stroke and stroke position. Three models—throat depths 41’, 49” 
and 59’. Universal forming attachments available. 


Write for further information! — Dealer inquiries invited! 


SEE Trumpf Nibblers at the WELDING SHOW 


Booth 111 « Los Angeles « April 26-28th 
COSA CORPORATION, 405 LEXINGTON AVENUE, NEW YORK 17, N.Y. 


For details, circle Ne. 42 on Reader information Card 
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A board of 106 contributing and 
consulting editors have collaborated 
in what is described as the first com- 
prehensive and authoritative treat- 
ment of the basic technology of non- 
destructive testing. 

Each volume is divided into 27 
sections which cover either a field of 
testing or some aspect of a field 
requiring detailed exposition. The 
basic physical principles relating to 
both the materials under test and the 
testing method are discussed from 
an engineering point of view prior 
to the presentation of the testing 
techniques. 

Inside each front cover is a nu- 
merical] index of section titles and in- 
side the back cover the sections are 
indexed alphabetically. Each sec- 
tion is preceded by an index of con- 
tents and is followed by a bibliog- 
raphy. In the 97-page index at the 
end, a cross reference is made of 
materials, products and testing data. 

Welds and weldments are covered 
in 21 of the 54 sections. One sec- 
tion devoted exclusively to the tech- 
nique of X-ray control of weld- 
ments is 28 pages long; however, 
related information is developed in 
detail in other sections. 


Foreign Books. Reviews obtained 
from foreign periodicals by Gerard E. 
Claussen, contributor of World-Wide 
Welding News. 


Arc Welding Questions and An- 
swers (inGerman: Die Lichtbogen- 
Schweissung in Frage und Antwort) 
by Felix Wuttke, Third Edition 
1959, 291 pages, (4'/, x 6'/, in.) 
published by Veb Carl Marhold 
Verlag, Halle (Saale) East Germany. 
Price 7.30 marks. 

This book, covering all phases of 
arc welding, is written by an instruc- 
tor in welding aided by several 
collaborators. The third edition 
brings the total printing of the book 
to 22,000 copies. Its popularity is 
deserved. The information in the 
book covers a wide range of subjects, 
is well planned, and is easy to under- 
stand. The chapter headings in- 
clude metals, power supplies, elec- 
trodes, safety, joint design, testing, 
inert gas, submerged arc, welding of 
nonferrous metals, repairing oil 
tanks and residual stresses. Each 
chapter starts with a list of questions. 
The remainder of the chapter 
answers each question separately. 
The last chapter refers the reader to 
the courses for the different certif- 
icates of welder qualification in 
Germany, and states the well-known 
formula: further qualification x work 

=higher pay. 
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P&H TAPE-PROGRAM MING 
completely automates the 
fusion process and is far 
superior to human control. 
Additional channels on tape 
and reader provide precise 
control for rotation, wire- 
feed, gas and water flow, 
and other related functions. 


| 


P&H MOTORIZED RHEOSTAT 
permits pre-setting of up- 
slope, welding cycle, and 
decay at intervals of 6 to 50 
seconds—and controls them 
at exact values. Weld time 
can be pre-set or controlled 
manually. 


P&H AUTOMATIC SPOT-GUN 
CONTROL enables operator 
to pre-set time interval and 
heat for starting, welding, 
finishing, and post-flow of 
gas and water in spot-gun 
welding. “Add-on” units for 
existing welders — integral 
in new machines. 


welding automation 


versatile time - amperage controls. 


For example, the new P&H motorized rheostat and 
sequence timer enable you to weld Space Age and 
other super-critical metals automatically! You just 
dial the pre-calculated heat-time values and press the 
start button. The control responds with the exact 
cycles you need for precisely controlled upslope, 
welding cycle, and decay. The result: perfectly con- 
trolled super-critical welding without thermal shock 
or cracking. 


Another modern development is the new P&H 
punched-tape control for production welding. This 
industry “first” enables you to tape your jobs today 
— and weld tomorrow or next month. You can han- 
dle more work and get the same top-quality welds 
regardless of who operates the unit. 


Find out today what P&H time-amperage controls 
can do for you. Send for Bulletin W-155. 


HARNISCHFEGER 


Milwavkee 46, Wisconsin 


Export Division: 
4329 W. Nationa! Ave., Milwaukee, Wis. 


P&H welding equipment is manufactured and sold in Canada 
by REGENT EQUIPMENT MANUFACTURING COMPANY, Ltd. 
455 King St. West «© Toronto, Ontario, Canada 


i 


For details, circle Ne. 43 on Reader information Card 
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Ultrasonic Flaw Alarms 


Three “‘flaw alarms’”’ for electronic 
monitoring are now available as 
accessories for Sonoray, ultrasonic 
pulse-echo flaw detectors built by 
Branson Instruments, Inc., 40 
Brown House Rd., Stamford, Conn. 
Test signals which appear within 
preset limits are detected by the flaw 


alarm to actuate recorders or warn- 
ing devices. Also, the alarm signal 
may be used to initiate corrective 
action automatically. 

A flaw alarm lets the operator pay 
closer attention to materials under 
test, instead of constantly having to 
watch the cathode-ray tube. He 
refers to the Sonoray screen only 
when évaluating defects noted by 
the alarm. 

For details, circle No. 
Reader Information Card. 


101 on 


Automatic Wire Joiner 


A resistance butt-welding machine 
to produce continuous wire feeding 
has been developed by the Lincoln 
Electric Co., Cleveland, Ohio. The 
‘“‘wire joiner’ eliminates delay when 
changing reels and threading wire in 
submerged-arc welding as well as in 
other types of operations. 

Powered by a compact 60-cycle, 
220- or 440-v, single-phase trans- 
former, the 35-lb unit splices wire 
in sizes from °/,, to’/3. in. diam in 1 
to6sec. To make joints, the opera- 
tor places the ends of the wire in 
tongs and starts the welding machine 
which automatically applies current, 
upsets the joint, and shuts off on 
completion of the timed welding 
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cycle. Flash-cutter pliers, an ac- 
cessory item, remove excess metal 
at the joint. 

For details, circle No. 102 on 
Reader Information Card. 


175-ton Positioner 


The Aronson Machine Co., Ar- 
cade, N. Y., has added to its regular 
line a welding positioner, model G 
3500, which reportedly can handle 
loads ranging from 1 ton to 175 
tons. The machine is said to have 
a rotational-torque capacity of 1000 
ton-in. which would permit the 


heavy load to be centered about 6 
in. off-axis. In addition, the 175- 
ton load can be centered 12 in. 
above the 10 ft-sq table face. A 
gear-shift transmission coupled with 
a variable-drive unit permits speeds 
ranging from 0.08 to 0.40 rpm. 

For details circle No. 103 on 
Reader Information Card. 


Automatic Welding Wire 


Air Reduction Sales Co., 150 E. 
42nd St., New York 17, N. Y., is 
now marketing automatic welding 
wires for use with the submerged- 
arc welding processes. Alloys in 
this line are made from selected 
heats of steel, with analysis carefully 
controlled to fuse with the base 
metal under automatic welding con- 
ditions and give comparable physical 
and chemical characteristics across 
the base metal, the heat-affected 
zone and the weld metal. 

Welding wires offered are mild 
steel, high-tensile steel, highest- 
tensile steel, mild-steel killed and 


medium-carbon steel. Wires are 
available in coils in weights of 
25/30, 55/65, 75/100, 120 or 180; 
or in fiberboard drums of 250, 500, 
or 750 lb for uninterrupted produc- 
tion welding. 

For details, circle No. 104 on 
Reader Information Card. 


Torch Cuts Wire Cloth 


A discovery that wire cloth and 
expanded metal can be cut quickly 
with Arcair Process torches is said 
to prove a boon to manufacturers of 
these products. 


Fabricators and maintenance 
workers, those making alterations on 
equipment incorporating these two 
products, will also benefit from this 
find. 

Arcair torches use a special inex- 
pensive electrode, welding current 
and ordinary compressed air. Heat 
from the arc melts metal instantly, 
while the compressed air blows the 
molten metal out of the way. 

For details, circle No. 105 on 
Reader Information Card. 


Multigun Welding Machine 


A special multigun flat-top com- 
bination spot and projection weld- 
ing machine with bending unit has 
been developed by the Federal Ma- 
chine and Welder Co., Warren, Ohio. 
This machine forms and welds range 
oven frames at a rate of 165 assem- 
blies per hour. 

For details, circle No. 125 on 
Reader Information Card. 
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Controlled Spike Power! 


For Practical Pulse Power Resistance Welding 


Makes welding practical for many new applications 


SEE “SPIKE POWER" CONTROLS 
. .. including the joining of dissimilar metals. AT THE A.W. WELDING SHOW! 


Booth No. 504, Los Angeles, Ay 6, 27, 28 


¢ Spike Power reduced shunting effects . . . minimizes 


need to prepare or clean surfaces. Ask your local Resistance 


Welding Equipment Rep- 
resentative for more in- 


e Less surface indentation . . . lower finishing costs. formation now. 


* More uniform weld nuggets... higher quality, Py, 


superior welds. CORPORATION 


Smaller welding transformers. 21300 WEST EIGHT MILE ROAD DETROIT 19, MICH 
For details, circle No. 44 on Reader information Card 
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Utility Torch Kit 


Propane fueled utility torches 
and torch kits are now available 
through the facilities of Air Reduc- 
tion Sales Co., 150 E. 42nd St., 
New York 17, N. Y. Called the 


Bernz-O-Matic, this equipment can 
be used for soft soldering, paint 
burning, copper-tube sweating, 
jewelry making and general appli- 
cations requiring heat by plumbers, 
jobbers, hobbyists, etc. 

For details, circle No. 140 on 
Reader Information Card. 


Temperature Indicator 


Royco Instruments, nc., Palo 
Alto, Calif., cites a number of 
advantages in the use of their Pyro- 
tem, a simple temperature-measur- 
ing device having a probe and meter 
integrated into a single unit. 


The meter operates on the thermo- 
couple principle, is self-contained 
and self-powered requiring no bat- 
teries, maintenance nor calibration. 
Compensation for ambient tempera- 
ture is automatic so that compara- 
tive readings and calculations are 
not required. 

In application, the instrument 
is said to be useful in checking pre- 
heat temperatures of weldments that 
must be closely controlled without 
contamination. 

For details, circle No. 
Reader Information Card. 
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Profit through 
E.A.I. Research 


in ready-to-use packages...a 


WELDING BREAKTHROUGH 


* More Versatile and Durable Resistance 
Welders at Major Savings! 


Welders made for a quarter-century of high production without major repairs . . . 
rams that never need replacing . . . Lineal Ball Bearing sleeves instead of cam 
rollers . . . Heat-Vector® control that brings 3-phase welding performance to 
single phase welders .. . 


These are some of the advances that come packaged in today’s new Universal 
Electroweld Single Phase Welders . . . the most practical ever developed for 
resistance welding. They bring new flexibility and precision to resistance 
welding . . . with major savings on your initial investment . . . reduce installation, 
maintenance costs. 


RENTAL AGAINST PURCHASE... an easy way to see for yourself how 
you can gain by using Universal Electroweld Resistance Welders. 


Write for brochure, “NEW PACKAGED WELDING ADVANTAGES.” 


| DIVISION 


152-10 Jelliff Ave. 
Newark 8, New Jersey 


For details, circle No. 45 on Reader Information Card 
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Increase your production efficiency with this 
new Harris lightweight top-lever No. 42 
cutting torch! 

Convenient — Cutting lever is mounted for- 
ward and on top. Ideal for one hand opera- 
tion often required in construction work. 
Efficient—Injector mixer insures complete 
mixture of gases resulting in fast starting 
preheat. 

Safe — Gases mixed in heat. No danger of 
backfire in operator's hand. 
Maintenance-free — Rigid construction due 
to triangular tube design. 

Silver-soldered joints throughout. 
Trouble-free "O” ring seals used in high 
pressure plunger chamber. 
Economy — 42(90°) and 42-A(70°), for 


acetylene, saves up to 18% of the fuel cost. 


42-F(90°) and 42-AF(70°), for propane, 
saves up to 80% of the fuel cost, with fast 
starts, and low oxygen consumption. 
42-N(90°) and 42-AN(70°), for low pressure 
natural gas; eliminates fuel cylinders; saves 
up to 95% of the fuel cost. 
Performance — Cutting Capacity, 8”. Wide 
range of tips available for gouging, rivet 
washing, rivet cutting, and thin plate cutting. 


Contact your local Harris Distributor—or write to us. 


See our display at the Welding Show—Booth 404 


Building World-wide Customer Confidence with Advanced Design Welding and Cutting Apparatus 


THE HARRIS CALORIFIC COMPANY, 5501 CASS AVENUE, CLEVELAND 2, OHIO 


For details, circle No. 46 on Reader information Card 
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Job Report Courtesy of 
Leader Iron Works, Inc., Decatur, Ill. 


For peace of mind 
on any stainless welding job 


This vacuum separator, made of 5%" Type 316 stainless steel, is designed 
for 100 psi test pressure. To assure predictable results, Arcos Chromend 
K Mo Electrodes (Type 316) were selected for a combination of top physical, 
metallurgical and chemical properties. For maximum benefits in welding 
stainless—consistent quality, low cost weld metal, and reliability in service 
—you can count on ARCOS. 


WELD PR CO IS 


STAINLESS ELECTRODES 
for quality weld metal 


ARCOS CORPORATION - 1500 South 50th St., Philadelphia 43, Pa. 
For details, circle No. 47 on Reader Information Card 
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Tool Is a Third Hand 


A device which is designed to posi- 
tion small objects for bench work is 
called ‘“‘“Handy Hand”’ by the manu- 
facturer, Superior Welding Co., 
3410 E. 14th St., Los Angeles, Calif. 

Said to support about 3 lb at any 
angle or position, the “Handy 
Hand” consists of a bench clamp 
which holds a flexible cable, at the 
end of which is a rotatable posi- 


tioning head. The head accommo- 
dates */,;-in. plug-in adaptors with 
which a number of small clamps and 
other tools are provided. The as- 
sembly becomes rigid upon tighten- 
ing a knob under the clamp. 

For details, circle No. 106 on 
Reader Information Card. 


Improved Power Supply Tested 


An electronic control and power 
system for the resistance-welding 
industry which promises to use 
considerably reduced power as com- 
pared to that called for in con- 
ventional systems has been released 
for field testing by Robotron Corp., 
Detroit, Mich. 

Resistance-welding jobs formerly 
demanding very large welding trans- 
formers have been done with the new 
control principle using transformers 
of only a fraction the size ordinarily 
required, it is reported. 

The development is called “‘spike 
power” welding, a result of five 
years’ research. Welding penetra- 
tion and fusion are almost instan- 
taneous, take less time, less power 
and generate far less heat. 

For details, circle No. 107 on 
Reader Information Card. 


200-Amp D-C Welding Units 


Four new “‘Sureweld”’ arc-welding 
machines designed to provide easy 
arc starting, exceptional arc sta- 
bility with adequate welding volt- 
age, and long, dependable service, 
are announced by National Cylinder 
Gas Division of Chemetron Corp. 

The new series SGW-201 is in- 
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tended for general maintenance and 
repair work. Weatherproof con- 
struction permits operation under 
virtually any kind of outdoor or in- 
door service condition, the company 
reports. 

The compact portable gasoline- 
engine-driven units provide manual 
or electric starting with 200-amp, 
30-v, d-c welding output and either 
120- or 240-v a-c auxiliary power 
output. The models feature a spe 
cial oversize welding and auxiliary 
power generator which is accurately 
balanced and blower cooled. Weld- 
ing range on all models is 45 to 200 
amp. 

For details, circle No. 108 on 
Reader Information Card. 


Nonferrous Brazing Alloy 


A copper-phosphorus-silver (15% ) 
alloy for brazing nonferrous metals 
only. Phos Sil 15 starts to melt 
at 1185° F and is completely fluid 
at 1300° F. Used only on copper, 
brass and bronze, its fluidity means 
a saving, according to American 
Brazing Alloys Co., P. O. Box 11, 
Pelham, N. Y. 

For details, circle No. 109 on 
Reader Information Card. 


Stainless-steel Soldering Flux 


Developed by American Solder & 
Flux Co., 19th and Willard Sts., 
Philadelphia 40, Pa., Amco No. 121 
is specially compounded for use on 
all types of stainless steel and non- 
corrosive alloys. Its active fluxing 
characteristics are said to remove the 


oxides and prohibits reoxidation of 
both the base metal and the solder, 
permitting more efficient and lasting 
soldering of stainless steel. The 
manufacturer reports. also, that ex- 
cellent wetting effect allows any tin- 
lead solder to flow freely at a mini- 
mum temperature. Metal will not 
buckle or discolor. 

Amco No. 121 Flux is now being 
packaged in 1-gal polyethylene con- 
tainers. 

For details, circle No. 110 on 
Reader Information Card. 
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What's different about 
Arcosarc Wire Drive 
welding equipment... 


RUGGED 
CONSTRUCTION 
portable—compact 
LOW MAINTENANCE 


simple electrical and me- 
chanical design 


FULL OPERATOR CON- 
TROL 


pistol grip hand gun with 
both gas flow and wire ad- 
vance control 


USES EXISTING POWER 
SOURCES 
no extra equipment needed 


Arcosarc Equipment 


New 


—for CO. welding of Mild and Low Alloy Steels 
—for inert gas welding of Aluminum and Stainless 


Here is a “bonus producing” wire feed unit for a variety of welding jobs in 
pipe, pressure vessel, structural steel fabricating shops, and foundries. Full 
instant control in the hand gun of the wire feed and gas flow along with the 
open arc give the welder the fullest opportunity to produce high quality 
weld metal consistently. Continuously fed wire eliminates stub losses, and 
the inconvenience of start and stop procedures. For the welder, ARCOSARC 
equipment improves manual operation; for the fabricator, it helps to keep 


costs under control. 


WELD 
ia 


STAINLESS LC 
ARCOS CORPORATION, 


1500 South 50th Street, Philadelphia 43, Pa. 


For details, circle No. 48 on Reader Information Card 
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Goggles and Plate Holders The new flexible plate holder has 
Restyled been especially designed for the 
2 chipper or welder who wants a wide 
Bausch & Lomb Optical Co., area of vision, and a secure but 
Rochester 2, N. Y., has enlarged its comfortable fit. The flesh-colored 
line of safety products with the in- polyethylene unit accommodates 
troduction of a new coverall goggle both welding plates or clear plastic 
and a new plate holder for chippers _ cover plates. Many other features 
and welders. are described. 
The coverall goggle is made to fit For details, circle No. 112 on 
over prescription glasses and to Reader Information Card. 
provide comfortable fitting to face 
and head contours. Both welders’ 
and chippers’ models have a number Electrode for 
of desirable features. Tough Welds 


An electrode designed for joining 
crack-sensitive steels and other low 
weldability steels is offered by 
Certanium Alloys and Research 
Corp., 840 E. Lewiston, Detroit 
20, Mich. Known as Certanium 
707, the electrode provides tensile 
strength up to 120,000 psi, accom- 
panied by yield strength up to 
90,000 psi with elongation up to 
35%. 

Both flux and filler metal are 
said to be metallurgically designed 
to yield a weld deposit capable of 
withstanding high physical and 
thermal shock loads. 

For details, circle No. 113 on 
Reader Information Card. 


LOOKING FOR THE BEST? 
INDEPENDENT 


Acetylene Cylinders 


Unconditipnal Guar ant es 

Proven Filler - No “Spitting” 

No voids - No soft Spots 

Seamiess Cylmders for Dur abality 

Alloy shells for Lighter Wexght 

Cyimder Shells Meet all ICC Requirements 

Al Cylinders “WHEELABRATOR” cleaned 
Standard Sizes m Stock Special Sizes on Request 


independent also manufactures Low Pressure 
Acetylene Generating Plant 


DEPENDENT ENGI CoMPANY,Inc. 


consucrins cesionins CYLINDERS AND GAS PRODUCING EQUIPMENT 
ACETYLENE - OXYGEN - NITROGEN- ARGON 


O'FALLON 2 , ILLINOIS 
For details, circle Ne. 50 on Reader Information Card 
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RESEARCH 


When You Weld Cast Iron 
Select the Correct 


CAST IRON WELDING RODS 
OR ELECTRODES 


FUSE-WELL NO.11 


FUSE-WELL No. 11, Squore—Gray Cost 
Iron Welding Rod for Acetylene use in 
filling or building up new or worn 
castings producing machineable welds. 


FUSE-WELL No. 12, Round—Has the | 
same uses and analytical ingredients 
os Fuse-Well No. 11. 


FUSE-WELL No. 14, Moly—An Iron 
Base Rod with alloys added for finer 
grain structure and greater strength. 


FUSE-WELL No. 22, Electrode — Light 
coated Rod to be used for AC or DC 
welding in the fabricating and repair- 
ing of cast iron castings. 


THE CHICAGO HARDWARE FOUNDRY CO. 
Weld Rod Division 
NORTH CHICAGO, ILLINOIS 


For details, circle Ne. 49 on Reader information Card 


Voltage Compensator 


An optional form of heat control 


_ for use on Sciaky resistance- welding 
| machines of the Dekatron type is 


named the Automatic Voltage Com- 
pensator (AVC) by Sciaky Bros., 
Inc., 4915 W. 67th St., Chicago, IIl. 


This equipment is used where 
there exists a problem of voltage 
drop caused by a multiplicity of 
machines cutting in or out simul- 
taneously and resulting in poor 
welds. Inoperation, the AVC auto- 
matically senses this condition and 
through an electronic circuit shifts 
the phase of the firing pulses. 

For details, circle No. 111 on 
Reader Information Card. 
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WELD STORIES UP... 


MILES FROM NOWHERE 


with P&H Engine-Driven Welders 


s 

= 


You can use these portable, self-contained welders 
to save time and work on any construction job 
anywhere! They are ideal for buildings, pipe lines, 
bridges, or maintenance — wherever you need cost- 
cutting weld-power to join and strengthen metal 
parts and sections. You simply haul, wheel, or hoist 
the welders into position and start welding. 

P&H offers you six machines for welding require- 
ments ranging from 25 to 500 amps. Easy, precise 
voltage control and arc stability enable operators 
to lay down sounder, cleaner welds faster — prevent 
burn-through and popouts, thus sparing you the 
need for costly rewelds and call-backs. 

You don’t have to pamper P&H welders. They’re 
built to withstand hard use and rough handling in 
the field. They need less care — and they are easier 
to service. Rugged field-proved gas or diesel engines 
meet your toughest demands with power and fuel 
to spare. 

You can choose skid- or wheel-mounted machines 
— with manual or electric starting. Interested? 
Write for Bulletin W-158. 


HARNISCHFEGER 


P:H WELDERS + ELECTRODES - POSITIONERS 


MILWAUKEE 46, WISCONSIN 


Export Division: 

4329 W. National Ave., Milwaukee, Wis. 

P&H welding equipment is manufactured and sold in 

Canada by REGENT EQUIPMENT MANUFACTURING CO., LTD., 
455 King St. West « Toronto, Ontario, Canada 


Fer details, circle Ne. 51 on Reader information Card 
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Stud-welding Power Source 


A silicon rectifier welding ma- 
chine designed specifically as a power 
source for Nelson  stud-welding 
equipment is available from the 
Westinghouse Arc Welding Depart- 
ment and Gregory Industries’ Nel- 
son Stud Welding Division. Sup- 
plied from a 3-phase, 60-cycle, 230- 


or 460-v a-c source, the new “‘Surge 
Arc”’ power source provides direct 
current for welding studs through °, ;- 
in. diam to steel or aluminum. It 
reaches maximum output in less 
than one cycle and contains no 
rotating parts other than a motor- 
driven ventilating fan 

The “‘Surge Arc”’ power sources are 


being marketed both by the Nelson 
Stud Welding Division of Gregory 
Industries, Inc., Lorain, Ohio, and 
the Arc Welding Department of 
the Westinghouse Electric Corp., 
Buffalo, N. Y. 

For details, circle No. 114 on 
Reader Information Card. 


Portable X-ray Unit 


The Norelco PG 300. a portable 
industrial X-ray unit that is said 
to provide high penetrating power 
and excellent radiographic definition, 
is available from Philips Electronic 
Instruments, 750 S. Fulton Ave.., 
Mount Vernon, N. Y. 

Completely self-contained, the 


new unit is shockproofed, rayproofed 
and weatherproofed for outdoor 
operation. Safety devices effec- 
tively prevent overload on the tube. 
Tube head weighs only 231 lb and 
therefore may be hoisted to remote 
areas for radiography of more than 
3 in. of steel. 

For details, circle No. 115 on 
Reader Information Card. 


Epoxy Insulated 
Transformers 


A complete new line of epoxy- 
insulated welding transformers with 
ratings of 60, 70, 90 and 130 kva is 
announced by Kirkhof Manufac. 
turing Corp., 2450 Buchanan Ave., 
S. W. Grand Rapids 7, Mich. Al 
though thermal capacities of the 
four basic models based on the 
previous standard temperature rise 
of 85° C are 50, 60, 70 and 100 kva 
respectively, the epoxy insulation of 
the new Kirkof Epoxy-pak units 
makes a 110° C rise completely safe 
and practical for high-production 
welding. With the higher ratings, 
the user ¢ets a “bonus” of from 17 to 
30°, in usable thermal capacity. 
Related benefits are said to include 
longer operating life without main- 


BETTER AT 


MD 8 x 8 ECONOMY MODEL 


Cc. B. HERRICK 


2000 CENTER ST., CLEVELAND 13, O. 
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tenance or replacement and better, 
built-in protection against inter- 
mittent overloads. 

Of particular note is the new, 
largest capacity unit in the line, 
rated for 130 kva at 110° C tempera- 
ture rise. 

For details, circle No. 
Reader Information Card. 
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Stud-welding Machine 


Omark-Graham stud-welding ma- 
chines use the stored-energy process 
to weld small studs (up to '/, in. 
diam) to thin metals without burn- 
or distortion, according 


through 


Omark In- 
dustries, Inc. 9701 S. E. Mce- 
Loughlin Blvd., Portland 22, Ore. 
Used on many metals including 
aluminum, the machines are made 
in several bench models for produc- 
tion line welding. Portable weld- 
ers also are available. 

For details, circle No. 
Reader Information Card. 


to the manufacturer, 


117 on 


“Spike” Welding Method 


The Weldex Division of the Metal 
Craft Co., 3300 Doris, Detroit, 
Mich., announces the availability of 
a resistance welding unit which em 
ploys a circuit design developed by 
Robotron, Inc., of Detroit. With 
this circuit, sharp-peak power pulses 
are delivered at high-cycle rates 
through control of circuit elements. 
The short duration of the high-cur- 
rent welding pulse is said to result in 
a high temperature at the contact- 


ing surfaces but a low total heat 
input per weld. 

The unit is also said to be ca- 
pable of 500 welds per minute on 
such points as studs, clips and 
brackets to vinyl-clad and lacquer- 
coated steel. Heat and power input 
are adjusted through phase-shift 
control. Lowered input power re- 
quirements are reported to extend 


the ability to spot-weld '/;-in. 
aluminum to smaller plants. 
For details circle No. 118 on 


Reader Information Card. 


Combination Welding Machine 


Specially designed for the sheet- 
metal, wrought-iron and wire fabri- 
cating industries, the combination 
spot and projection welding ma- 
chine, Model ARKN, developed by 
Alphil Spot Welder Mfg. Corp., 


1058 Pacific St., Brooklyn 16, N. Y., 
is said to feature a combination large 
platen and standard arm arrange- 
ment, flexibility for die mounting, 
precision roller-bearing ram, high 
speed and extreme ruggedness. 

For details, circle No. 119 on 
Reader Information Card. 
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SALES DIVISION OF AMERICAN ALLOYS, INC. 


manufacturing spooled, cut and coiled alloy wire for immediate delivery 


ALUMINUM ec STAINLESS STEEL « MAGNESIUM 
TITANIUM « COPPER-BEARING ALLOYS 


SALES OFFICES: | 


FACTORY: 


840 N. Michigan, Chicago 11, Ill. (DE 7-7644) 
1214 Meadowbrook *ve., Los Angeles 19, Calif. (DU 2-6227) 


37650 Sycamore St., Box 545, Newark, Calif. 


For details, circle No. 53 on Reader Information Card 
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Transportable Oxygen Unit 


A transportable oxygen unit which 
produces an unlimited supply of 
oxygen from the atmosphere and 
eliminates the usual heavy-steel 
supply cylinders has been developed 
by Aerojet General Corp.’s Chemical 
Division, Azusa, Calif. 


AerOxy-Gen, as the device is 
called, draws air from the atmos- 
phere, filters out contaminants, 
extracts oxygen and delivers the gas 
at approximately 5 psig in less than 
one minute after activation. The 
first prototype requires only or- 


dinary house current and its single 
operating control is a simple switch. 
Other units will be gasoline or 
battery powered for field operations. 

For details, circle No. 120 on 
Reader Information Card. 


Engine-driven Welding Machine 


Small, air-cooled-engine welding 
machines with engine idler and self- 
starter, introduced by the Lincoln 
Electric Co., Cleveland 17, Ohio, are 
said to have added convenience and 
improved economy. 

The machine will accelerate to 
operating speed instantaneously 
when the arc is struck and slow to 
idling speed 8 to 10 sec after the arc 
is broken. Engine wear is reduced 
and fuel consumption is dropped 10 
to 35% with this controlled per- 
formance. The self-starter includes 
starting motor, 12-v battery, actuat- 
ing pushbutton, charging ammeter 
and charging-rate control switch. 
Charging current is supplied by the 
welding generator through a special 
control circuit. Magneto ignition 
during operation insures snappy 
engine performance. 

For details, circle No. 121 on 
Reader Information Card. 


Welding-hood Filters 


Plasti-Weld filters remove the 
harmful ultraviolet and infrared 
rays of arc welding and filter them 
to the same degree as the standards 
set for glass in Federal! specifications. 


Available in the standard 2- x 4'/.- 
in. size and a 7- x 11-in. panoramic 
window version, these filters are 
said to outlast glass by as much as 
6 to 1 because of less breakage. 
Compared with glass, Plasti-Weld 
filters have equal clarity and lighter 
weight, according to the Chicago 
Eye Shield Co. 2727 W. Roscoe 
St., Chicago 18, Ill. 

For details, Circle No. 122 on 
Reader Information Card. 
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ARC SPOT WELD GUN 
on display for your inspection 
April 26th-27th- 28th 
welding show — los angeles, california 


IBIR WE IL ID Corporation 


MANUFACTURERS OF WELDING EQUIPMENT 
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Hard-surfacing Electrode 


A hard-surfacing electrode, Nickel 
Manganese ‘‘C,”’ has just been de- 
veloped by Air Reduction Sales Co., 
150 E. 42 St., New York 17, N. Y. 
The composite 14% manganese elec- 
trode is said to be especially suitable 
for smooth, economical build-up of | 
railway manganese frogs and 
switches and for dipper teeth, 
bucket lips, crusher hammers, jaws 
and screens in the heavy construc- 
tion industry, or wherever resistance 
to severe impact is desirable. 
The hardness as deposited ranges 
from 170 to 230 Brinell and it will 
’ work harden to 550 Brinell. The 
Nickel Manganese ‘“‘C” electrode 
meets AWS-ASTM classification 
EFeMn-A covered and can be used 
with either an a-c or d-c reverse- 
polarity power source. Effective in 
all-position work, it is available, in 
standard 14 in. lengths in diameters 


of 3/16 and '/, in. Slag 
coverage is complete and spatter 
low. 


For details, circle No. 123 on 
Reader Information Card. 


Submerged-arc Welding Flux New Ampco Cable Connector 


Autoflux H-400 is a submerged arc 
welding flux for single and multiple- WON T OVERHEAT WON T ARC 
pass work at currents up to 1200 ses 
amp. offered by Hobart Brothers 
Co., Troy, Ohio. It is a production Patented twin-wedge design can’t work loose 
flux with the ability to sustain high 


travel speed with an X-ray quality Maintains perfect electrical contact — No lugs, locks, 


deposit. It is said to work through hooks, or springs to loosen and cause arcing. With twin-wedge 
moderate mill scale or rust on light connections, the area of tight electrical contact actually increases 
or heavy-gage material and the slag with normal wear! 


Joins all cable sizes — Ampco Cable Connector fits all 
four popular welding-cable sizes. When properly attached by 


. lead soldering or crimping, the cable connector can get no hotter 
OBART than the cable itself. 
MERSED ARC Sate — When properly mated, Ampco Cable Connector with- 
TYPE — stands the tension stress applied by dragging cables over floor and 
WELDING COMPOUND up on positioners. Streamlined connector covers slide over or 
aN around obstacles without snagging. If improperly mated, the con- 
smd . nector pulls apart before arcing can occur and cause damage. 
A L Durable — Moulded Neoprene covers are not affected by oil, 
KEEP FLUX grease, high and low temperatures, 
THE RORART GROTHERS CO TREY 
MADE LSA 4 AMPCO METAL, INC. 
> x MILWAUKEE 46, WISCONSIN 
West Coast: Burbank, California ® 
is easy to remove. Typical physical Southwest: Garland (Dallas County). Texas 
properties when used with mild steel 
welding wire (0.10 maximum car- | 
bon) are: yield (psi) 59,000; tensile AMPCO METAL, INC. ! 
strength (psi) 71,000; elongation TEAR OUT Dept. Wis. 
or n me ulletin on new 
30 and reduc tion of area 64%. COUPON 
Typical analysis under the above AND MAIL 
conditions are: carbon 0.07, man- TODAY name 
ganese 1.18, silicon 0.48. Autoflux 
H-400 is available in 80-lb bags, or Company 
80-lb drums which are fiber, plastic | SEND FOR Perens 
lined. | BULLETIN | 
No. 124 on | NOW! City | 
eader Information Card. 
For details, circle No. 55 on Reader Information Card w-ise 
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HANDY & HARMAN SILVER BRAZING 
Permits Manufacturer to Guarantee 
Underwater Air Regulator For Life 


Perhaps the most vital component of a skin diver’s 
equipment, this Viking Air Regulator, manufactured by 
Christensen Tool & Engineering Company, Norwalk, 
Connecticut, is structurally guaranteed for life. It must, 
under all conditions, be absolutely leaktight. The manu- 
facturer’s guarantee is a relatively recent achievement— 
through the high-strength help of silver alloy brazing with 
Handy & Harman Easy-FLo 45 and HANpDy FLux. 

Over and above the unreserved dependability of brazed 
joints, the brazing method itself has saved the company 
considerable time, money and material in the production 
of the Viking Air Regulator. Brazing’s simplicity is inter- 
estingly illustrated in this case by this company’s require- 


ment that assemblers and testers of the Viking must be 
skin divers themselves. 

Almost invariably, silver brazing effects economies and 
brings advantages to whatever part, product or assembly 
it is applied. True, air regulators are few and far between, 
but the point is that they are metal products, made of a 
number of different metal components. 

And that’s the phrase that covers brazing’s great adapt- 
ability. To give you a good idea of how you can put 
brazing to work, we’d like to send you Bulletin 20—it 
covers the basics of brazing and it may very easily solve 
your metal-joining problems. Handy & Harman, 82 
Fulton Street, New York 38, N. Y. 


Here, in “serial” form is how the guarantee 
is “brazed” into the Viking: 


1. TANK HOUSING—Initially, this 
component was mechanically joined 
and made “airtight”” by means of 
sealants. Now, brazing eliminates 8 
holes, 4 tapping operations, 4 screws 
and 3 assembly operations. 


% 


2. FORK ASSEMBLY—There are 
five separate brazed joints, done with 
hand torch and hand-fed wire. Braz- 
ing eliminates one tapped hole, a 
lock washer and a spacer, plus the 
fact that positive alignment is now 


guaranteed. 


5. Shown here are the 


finished Viking components 

before and after assembling. 
—Brazing by Specialty Brazing Lab- 
oratories, Riverside, Connecticut. 


3. YOKE—This is assembled from 
stampings instead of castings, which 
were previously used. With brazing, 
no secondary finishing operations are 
required. Further, the part is stronger 
and lighter, and savings on material 
and labor on this component alone 


Your No. 1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 
General Offices: 82 Fulton St., New York 38, N. Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


4. PISTON—This is the most impor- 
tant single element of the Viking. It 
regulates flow of oxygen from cylin- 
der to mouthpiece; from 300 Ibs. 
pressure to normal breathing. With- 
out brazing, this part could not be 
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APRIL 1960 


The Science of Arc Welding 


Evaluation of the present knowledge provides the engineer 

and the research man with basic concepts of volt-ampere 
relationship, distribution of field intensities and temperatures, metal 
transfer, spatter, arc forces and motion, melting rate, 

weld area, melting ratio and other related factors 


BY CLARENCE E. JACKSON 


CLARENCE E. JACKSON was born 
in Graceville, Minn. and graduated 
from Carleton College with honors in 
physics. Upon completing his grad- 


CLARENCE E. JACKSON is Associate Man- 
ager, Electric Welding Department, at the De- 
velopment Laboratory, Linde Co., Division of 
Union Carbide Corp., Newark, N. J. 


uate studies at George Washington 
University, he joined the National 
Bureau of Standards. 

Mr. Jackson has been associated 
with the following branches of the 
government: Metallurgy Division, 
Natl’l. Bureau of Stds.; U. S. Naval 
Gun Factory, Metallurgy and Testing 
Div.; Naval Research Laboratory. 
In 1946, he joined the Metals Research 
Laboratories of Union Carbide Corp., 
and in 1957, the Development Labo- 
ratory of the Linde Co. at Newark, N. J. 

Among his many AWS activities, 
Mr. Jackson has been a director of Dis- 
trict No. 3, chairman of the Washing- 
ton, D. C. and Niagara Frontier Sec- 
tions, and is chairman of the Educa- 
tional Activities Committee and vice- 
president elect of the Society. He has 
been active on a number of committees 
of the Welding Research Council. He 
has lectured widely and is the author of 
more than 20 papers on welding and 
metallurgy. In 1945, he received the 
Distinguished Civilian Service Award 
from the Navy and in 1956 was the 
recipient of the Samuel Wylie Miller 
Memorial Award. 


1959 ADAMS LECTURE 


ABSTRACT. One hundred and fifty 
years ago, Sir Humphry Davy in Eng- 
land described an experiment with an 
electric arc. Almost eighty years 
passed before this experiment resulted 
in a patent in the field of welding. 
The use of arc welding, especially dur- 
ing the past thirty years, as a means of 
joining metals has been an important 
factor in increasing the productivity in 
modern fabrication. Many investiga- 
tors, working in various areas, have 
contributed to the progressive change 
of arc welding from an art to a science. 
With the accumulation of sufficient 
empirical data, which at first were only 
qualitative, gradually a quantitative 
picture has been formed. The de- 
velopment of the science of arc welding 
has been especially rapid over the past 
two decades. 

Research men and engineers agree as 
to what constitutes a welding arc, al- 
though there is no generally accepted 
definition of an arc. The following 
definition of a welding arc is suggested: 
‘A welding arc consists of a sustained 
electrical discharge through a _ high- 
temperature conducting plasma pro- 
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ducing sufficient thermal energy so as 
to be useful for the joining of metals by 
fusion.”” Thermal equilibrium exists 
in the plasma of all stable arcs operat- 
ing at somewhat lower than atmos- 
pheric and higher pressures. Since the 
anode plays little or no part in the arc 
mechanism except to serve as the posi- 
tive electrode, the phenomena which 
exist are mostly dependent upon the 
behavior of the cathode. 

For the purpose of theoretical study, 
an are with a direct-current power 
supply having a “‘point-to-plane”’ con- 
figuration, operating in argon at atmos- 
pheric pressure with a tungsten cathode 
and copper anode, has been particularly 
useful. Basic volt-ampere relation- 
ships are described and the distribution 
of field intensities and temperatures 
are charted in Part I. Temperatures 
up to approximately 35,000° F are 
associated with the cathode-spot mode 
of operation. 

In Part II, further data relating to 
metal transfer, spatter, arc forces and 
motion are presented for the inert-gas- 
shielded metal-arc, or consumable- 
electrode, process. Melting rates com- 
puted from measured drop rates and 
diameters are in good agreement with 
measured melting rates. With direct 
current and electrode negative, copper 
gave the highest melting rate followed 
in order by nickel, cobalt, steel, alumi- 
num, titanium and molybdenum. The 
only material constant that correlates 
with observed melting rates is the heat 
content measured from a solid at room 
temperature to a liquid at the melting 
point. The correlation is not close 
with reverse polarity. The inert-gas 
consumable-electrode process is typical 
of many of the other consumable-elec- 
trode processes. Metal transfer ap- 
pears to be mainly controlled by the 
relationship of surface tension and 
electro-magnetic forces acting on the 
melting electrode. 

In Part III, further mathematical 
and graphic relationships are pre- 
sented which provide the engineer and 
research man with a working concept 
of the effect of welding technique on 
melting rate, weld area and melting 
ratio. As the science of arc welding 
gradually takes form, the engineer 
will be able to improve the control and 
selection of welding techniques for any 
specific application. 


Introduction 


Comfort Avery Adams, an inspiring 
leader, a great teacher, the first 
president and founder of the AMERI- 
CAN WELDING Society, will always 
be remembered for his good works. 
My first recollection of Dr. Adams 
was about 20 years ago when I 
offered one of my first technical 
papers. After my presentation, Dr. 
Adams arose to give a brief comment 
on the paper and the question he 
asked was one for which I had no 
answer. It took years in order to 
provide a more adequate answer. 
Dr. Adams always emphasized the 
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fundamentals. Dr. Adams, like 
Shakespeare, would have said that 
“every why hatha wherefore.” Dr. 
Adams always looked for the reason 
or the cause of any engineering be- 
havior. . .it is the highest privilege 
for me to present the 17th Adams 
Lecture. 

Before entering into the formal 
discussion, I wish to acknowledge 
the contributions which I have used 
freely in the preparation of this lec- 
ture. Investigators in the field of 
the science of welding have been 
numerous. The growth of the art 
of welding into a science has been 
evident by the caliber of the papers 
which have appeared in the litera- 
ture. Investigators in Europe, es- 
pecially in Germany, England, 
France, Holland, Russia, the Scandi- 
navian countries, as well as Japan, 
have contributed extensively. In 
this country, the scientists in the 
military, the college, and the in- 
dustrial groups, have contributed 
much toward establishing a quanti- 
tative view of arc welding. I am 
particularly indebted to my many 
co-workers in the Union Carbide 
Corp. The men at the Metals Re- 
search Laboratory, the Linde De- 
velopment Laboratory, and the 
Speedway Laboratories of the Linde 
Co. have contributed greatly in this 
presentation. Without their think- 
ing, their guidance and their accu- 
mulated data, the present lecture 
would not be possible. 

In considering a subject for this 
lecture, I received considerable ad- 
vise from old friends to either take a 
completely new field for my dis- 
cussion so that no one can argue 
with me or take an old field where 
everybody agrees. At the same 
time, they advised me to be cautious 
and not to take a field in which 
numerous investigators were busy. 
However, we will discuss the science 
of arc welding; we will enjoy doing 
so since there are many people who 
are presently very active in this 
field, and we find that few of the 
experts completely agree with each 
other. 


Object 

Webster defines science as “a 
branch of study which is concerned 
with observation and classification 
of facts.”” He goes on to state that 
it is especially applicable to the es- 
tablishment of verifiable general 
laws which have been formulated 
chiefly by induction and hypothesis. 

The science of arc welding is 
broad. For example, we may con- 
sider one or more electrodes of diam- 
eters ranging from a hundreth or 
less to a half inch or greater. The 


welding current will range from 
probably a low of a few amperes to 
4000 or 5000 amp. in a single welding 
zone. The speed of travel will 
range from 0 to 6000 ipm or even 
higher. The atmosphere of the arc 
may be air or an inert gas such as 
argon or helium; other atmospheres 
such as CO, or that produced by 
various fluxes are frequently en- 
countered. The entire range of 
metals including steel, aluminum, 
copper, titanium, stainless steel, 
vanadium, tantalum, molybdenum, 
columbium, uranium, magnesium, 
nickel and innumerable alloys are 
important in welding. The limits 
are established only by the engi- 
neering need in any particular 
application. 

In order to orient the reader, the 
development of the electric arc and 
its use in welding will be reviewed. 
This will be followed in Part I by a 
discussion of the tungsten-electrode 
welding arc, with particular refer- 
ence being made to recent studies 
by physicists interested in this 
field. Certain concepts of the con- 
sumable electrodes then will be re- 
viewed in Part II. In Part III, a 
brief attempt will be made to corre- 
late some of the engineering per- 
formance characteristics of the 
processes used in arc welding. The 
difficulties which are encountered in 
fitting the pieces of the jigsaw 
puzzle together will of necessity be 
emphasized. It would be folly to 
suggest that all aspects of the science 
of arc welding are considered in this 
review. Large fields of technology 
such as metallurgy, the effects of 
power sources and the effects of 
magnetic influences, have not re- 
ceived the attention in this discus- 
sion which their importance war- 
rants. Although much information 
is available in these fields, this re- 
view will be restricted more to Parts 
I and II—‘“‘what the arc is,” and 
Part I1I—‘“‘what the arc does.” 


Development of the Arc and 
Arc Welding 


One hundred and fifty years ago, 
Sir Humphry Davy in England 
first described an electric arc in his 
Bakerian Lecture.':* Davy de- 
scribed his experiment by saying 
that: “‘When a current was sent by 
1000 double plates, each 4 in. square, 
through potassium vapor between 
platinum electrodes, over a nitrogen 
gas, a vivid white flame arose. It 
was a most brilliant flame of from 
half an inch to one and a quarter 
inches in length.” 

Almost eighty years passed after 
this experiment by Davy before 
Nikolas Von Berardos and Stanislav 
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Olezewski received a patent in the 
field of arc welding (Fig. 1). This 
was the beginning of arc welding; a 
single carbon electrode was used, 
fusion being obtained by drawing an 
arc between the work to be welded 
and the carbon electrode. Metal was 
added from an auxiliary rod fed into 
the arc or molten puddle. This 
method of welding is still in use with 
modifications. A little later, in 
1889, Zerener introduced the proc- 
ess which consists of drawing an arc 
between two carbon electrodes at an 
angle of about 60 deg. te each other 
and deflecting the arc outward by 
means of an electromagnet placed be- 
tween the electrodes. This method 
did not find much commercial 
use because of its low available heat 
for the energy consumed. In 1892, 
Slavianoff suggested what may now 
be recognized as one of our leading 
methods of welding. He proposed 
the use of a metallic electrode in 
place of a carbon electrode used by 
Berardos. Bare wire used in this 
process was the prevailing electric- 
arc welding method until about 1920 
in the United States. 

In Europe, during this period of 
bare wire welding, Kjellberg, a Swed- 
ish engineer, applied for a patent in 
1907 covering the use of a covered 
electrode to take the place of the bare 
electrode. In these early electrodes 
which were further developed in the 
years following 1910, the coating 
was thin and acted more as an arc 
stabilizer rather than a purifier of 
the weld metal; the welds produced 
with this type of electrode had 
practically the same properties as 
those which were obtained with bare 
wire electrodes. In the years to 
follow, numerous patents covering 
various flux or stabilizer coatings 
were issued. The first commercially 
accepted heavy-covered electrode 
was developed in England, and in 
1912 Strohmenger obtained a U. S. 
patent covering an electrode coated 
with blue asbestos with a binder of 
sodium silicate or water glass. This 
electrode was the first covered elec- 
trode which produced weld metal 
free of impurities. From this time 
on, numerous covered electrodes 
were developed, their merit and use- 
fulness depending upon the arc pro- 
tection being obtained by vaporized 
mineral coatings which melted si- 
multaneously with the core rod, 
usually producing a fusible slag. 
The use of the covered electrode for 
arc welding has been one of the most 
important factors in the phenomenal 
growth of the use of welding. 

Other methods of arc welding have 
been introduced more recently. Ho- 
bart and Devers were issued a patent 
in 1930 in which the molten metal 


Fig. 1—Historical development of arc welding 
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in the arc stream was protected by a 
mantle of inert gas. In the early 
applications of the inert-gas arc- 
welding process, a nonconsumable 
tungsten electrode was used for 
striking the arc. Into this arc zone 
was introduced additional metal in 
wire form as needed to complete the 
joint. This method is widely used 
for welding aluminum, stainlesssteel, 
magnesium and many of the more 
modern metals which are _in- 
creasingly used as engineering ma- 
terials. With the increasing avail- 
ability of argon and helium, experi- 
mental work was carried out in 
which a consumable wire carrying 
the electrical current was intro- 
duced in the arc zone, with a stream 
of the inert gas protecting the mol- 
ten metal. Other gases, including 
carbon dioxide, mixtures of argon 
and oxygen and, in some cases, even 
gases such as nitrogen and hydrogen, 
have been used for protection. The 
use of oxygen or carbon dioxide in 
the weld zone requires special atten- 
tion to ensure proper deoxidation of 
the deposited metal. 

Kennedy, Jones and Rodermund 
applied for a U. S. patent in 1935 on 
a process involving electric-arc weld- 
ing underneath a blanket of granu- 
lated welding flux. The welding 
zone was completely blanketed or 
submerged. Recently, various mod- 
ifications of the arc-welding proc- 
ess in which consumable electrodes 
from coils have been used with 
either magnetic fluxes or fluxes en- 
cased in a tubular electrode have 
been introduced. The possibilities 
of applying arc welding to unusual 
engineering structures has increased 
many times by reason of the new 
developments. 

After this brief review of the de- 
velopment of arc welding, let us con- 
sider some of these methods and 
attempt to picture what happens in 
the welding zone. A fairly satis- 
factory picture of the welding arc 


has been established and it is pos- 
sible to describe some of the condi- 
tions which exist in the various 
welding arcs and, furthermore, since 
these facts can be qualitatively de- 
scribed, certain quantitative data 
are available which lead us to a 
theoretical discussion of the condi- 
tions which exist in the arc. 


Part I*—Definition of Arc 


Before entering into a discussion 
of arc welding, it is in order to con- 
sider a definition of a welding arc. 
The experts in the field generally 
agree as to what constitutes a weld- 
ing arc, although there is no ac- 
cepted definition of a welding arc. 
In fact, there is no definition which 
is generally or widely accepted for 
an arc of any kind. One of the 
references used by all workers in 
this field is the review of the litera- 
ture presented by Spraragen and 
Lengyel* on physics of the arc and 
the transfer of metal in arc welding. 
Early in the 40’s, when this review 
was published, most of the informa- 
tion which was available regarding 
arc characteristics was based on the 
carbon arc generally used for illumi- 
nation. Since the publication of 
this review, extensive literature has 
appeared which has referred specifi- 
cally to the welding arc. 

Even though the experts have not 
given a clear-cut definition of the 
welding arc, for our discussion, the 
following statement is proposed: “A 
welding arc consists of a sustained 
electrical discharge through a high- 
temperature conducting plasma, 
producing sufficient thermal energy 
so as to be useful for the joining of 
metals by fusion.” Finkelnburg and 
Maecker‘ state that in general, the 
term electric arc denotes a discharge 
of relatively large current and rela- 


*Part II—‘‘Consumable-electrode Welding 
Arc” and Part III—‘‘What the Arc Does” will 
appear in the May and June issues of the WELp- 
ING JOURNAL Research Supplement, respectively. 
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Fig. 2—Oscillogram showing conduction 
through a resistance. This is an oscillo- 
gram of welding at very low travel speed 
with a special composition as the flux 
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Fig. 3—Oscillogram showing a considera- 
ble current path through a conductive 
flux parallel to the arc 
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Fig. 4—A typical oscillogram of an arc. 
Note slight distortion of the current trace 
and flat tops on voltage waves. Note 
also that the power wave is no longer a 
sine function but rather a rectified sine 
function 
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Fig. 5--Voltage relationships for typical 
tungsten-electrode arc-welding zone 
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tively low voltage, especially such 
with a low cathode drop. This 
differentiates the arc from the glow 
discharge which is marked by a 
relatively small current and high 
voltage, especially by a large cath- 
ode drop of possibly several-hundred 
volts. 

A number of reports in the litera- 
ture have described oscillographic 
studies of short-circuiting phenom- 
ena in covered-electrode arc weld- 
ing. Outstanding work was done 
by Hasegawa in Japan’ and by 
Orton and Needham in England.‘ 
Wave form analysis has been re- 
ported by Kushnarev in Russia’ for 
the submerged-arc process. The 
electrical characteristics of an arc 
can be studied using an oscillo- 
graph. If no arc exists as in the 
case of some conditions for sub- 
merged-arc welding, the welding 
zone acts as a simple linear resist- 
ance in the circuit. An _ oscillo- 
gram illustrating this condition with 
alternating-current power supply is 
shown in Fig. 2; the top curve indi- 
cates current, the middle curve 
power and the bottom voltage. As 
this resistance conduction is reduced, 
the voltage trace becomes distorted 
(Fig. 3), and finally the typical 
trace shown in Fig. 4 is the charac- 
teristic of a common welding arc 
such as obtained with the inert-gas 
and covered-electrode processes. It 
is obvious that the voltage trace is 
the most significant record in deter- 
mining the electrical operation in 
the welding zone. The almost in- 
stantaneous rise in voltage and the 
peak at the beginning of each half 
cycle indicating the ignition po- 
tential are characteristic of alternat- 
ing-current arcs. For a direct- 
current power supply, this re-igni- 
tion phenomenon does not exist. 

Electrical conduction in the arc 
takes place through a _ gaseous 
column which has a high electrical 
conductivity comparable to that of 
some metals when connected to the 
electrical circuit at the electrodes. 
This gas column, called the plasma, 
contains a radiating mixture of free 
electrons, positive ions and, more or 
less, highly excited electrically neu- 
tral atoms. Generally, in welding, 
one of the electrodes is the work- 
piece while the second electrode is 
tungsten or a consumable metal. 
Since the conductivity of the plasma 
between the electrodes is main- 
tained by thermal ionization, the 
temperature must be high. All 
experts agree that the conditions in 
the regions of electrical contact be- 
tween the plasma and the elec- 
trodes are quite different from those 
in the plasma. In both the anode 
and cathode regions, since the tem- 


perature must drop from the high 
value in the plasma to the relatively 
low value at the electrode surfaces, 
high thermal gradients exist. The 
are naturally, then, is divided into 
the plasma, cathode and anode re- 
gions.* A concentration of charge 
carriers in the anode and cathode 
regions gives rise to a nonlineal po- 
tential or voltage distribution along 
the arc axis shown schematically in 
Fig.5. Because of this space charge 


COOLING waTEe 
/ 


/ 


WIELD 


Fig. 6—Experimental arc chamber’?. 
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Fig. 7—Representative stages ot cathode 
operation in 200-amp argon arc, 
0.2 in. long, 1 atm." 
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Table 1—Summary of Operating Conditions Used by Olsen'’ 


Variables 
Chamber gas Argon 
Chamber pressure l atm. 
Current, direct current 50-400 amp 
Voltage 7-l7 v 
Arc length 0.025-0.4 in. 


Cathode material 


Cathode diameter 1/, in. 
Cathode extension 1'/, in. 
Cathode-tip shape See Fig. 8 


Anode material 


Normal mode 


Pure tungsten 


Water-cooled copper 


Cathode-spot mode 
Argon 
1 atm. 
100-400 amp* 
9-20 v 
0.025-0.4 in. 
1% thoriated tungsten 
5/32 in. 
in. 
See Fig. 8 
Water-cooled copper 


@ Some tests carried out up to 1000 amp (Fig. 16). 


distribution, high _ electric-field 
strengths exist in the anode and 
cathode regions. Self-induced mag- 
netic fields produced by the high 
currents encountered compress the 
plasma to the extent that appre- 
ciable radial and axial pressure 
gradients exist. The axial pressure 
gradient causes plasma _ streams 
which transport material and heat 
away from the electrode to the work. 
Maecker® has shown that the mag- 
netic fields can produce a force on 
the material in the plasma which re- 
sultsin motion. Velocities of greater 
than 100 meters per second have 
been measured by Wienecke.” A 
measurable force has been demon- 
strated by Rohloff'' using a floating 
cathode. Thermal equilibrium, ac- 
cording to the present state of ex- 
perimental and theoretical knowl- 
edge, exists in the plasma of all arcs 
operating at somewhat less than 
atmospheric and higher pressures. 


Tungsten-electrode Welding Arc 


For the purpose of theoretical 
study, an arc with a direct-current 
power supply having a ‘“‘point-to- 
plane” configuration, operating in 
argon at atmospheric pressure with 
a tungsten cathode and copper 
anode has been particularly useful. 
Sinee the anode plays little or no 
part in the arc mechanism except to 
serve as the positive electrode, the 
phenomena which exist are almost 
entirely dependent upon the be- 
havior of the cathode. The tung- 
sten cathode in the simplest direct- 
current arc, when attached to the 
negative thermal, is commonly de- 
signated as straight polarity. The 
copper anode must be provided with 
adequate cooling in order to prevent 
melting and to reduce instability of 
the geometry of the arc. The ex- 
perimental arcs which were studied 
by Lancaster’? and Olsen'*: '* were 
operated within a chamber shown 
schematically in Fig. 6. 

In Olsen’s investigation, the 
vacuum-type chamber was pumped 
and purged completely before strik- 


ing the arc, since even small traces of 
foreign gases noticeably will affect 
both cathode and plasma behavior. 
Usually a gas flow through the 
chamber of 3 to 5 cfh of argon was 
maintained to prevent any build-up 
of contaminants. Mechanical fea- 
tures of the experimental apparatus 
provide for independent positioning 
of each electrode and the horizontal 
and vertical positioning of the en- 
tire chamber with an accuracy of 
+0.0005 in. Photographs of typi- 
cal arcs studied by Olsen are shown 
in Fig. 7. Typical cathode-tip ge- 
ometries operating in 300-amp arcs 
are schematically shown in Fig. 8; 
both volt-ampere data, and heat- 
transfer characteristics are given in 
Fig. 9. 

Two distinct modes of operation 
have been observed in the arcs 
studied. These modes which are 
characterized by the geometries of 
the cathode tip and the plasma in 
the region of the cathode will be 
referred to as the normal and 
cathode-spot mode. The normal 
mode is the most stable and readily 
obtainable; the cathode spot mode 
exhibits a constriction of the plasma 
at the cathode and is accompanied 
by a higher arc voltage for a given 
arc length. The cathode-spot mode 
is so called because of the appear- 
ance in the case of a pure tungsten 
cathode of a dark circular spot on 
the molten cathode tip which is 
coaxial with a deep-blue cone of 
radiation extending into the plasma, 
its apex toward the anode. In the 
normal mode, a broad luminous 
plasma extends around the hemi- 
spherical molten cathode tip. The 
normal mode can always be pro- 
duced in a pure-argon atmosphere, 
with a pure-tungsten cathode shaped 
initially to a hemispherical tip. 
The true cathode-spot mode can 
usually be produced with a pure 
tungsten cathode by grinding it toa 
sharp conical tip. This arc, how- 
ever, is semistable and may trans- 
form spontaneously to a normal 
mode after a short period of opera- 
tion. A simulated cathode-spot 


WORMAL MODE CATHODE-SPOT MODE 


1/2* EXTENSION 


—— 


LIQUID-SOLID Lime 
} 


——DARK SPOT 


( \ ane 


a 
4 


Fig. 8—Cathode-tip configuration'* 
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Fig. 10—Summary of V-i characteristics* 
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Fig. 1l—Normal mode characteristics’ 


Fig. 12—Cathode-spot 
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mode similar in every respect to the 
true cathode-spot mode, except for 
the absence of a dark spot on the 
cathode tip, can be readily pro- 
duced in a stable manner with a 1% 
thoriated-tungsten cathode shaped 
to a sharp conical tip. Since the 
thoriated-tungsten cathode tip is not 
molten in the current range covered, 
a sharp conical tip can be main- 
tained and the arc is constricted at 
the cathode in a stable manner. 
Actual operating conditions for all 
arcs used by Olsen are tabulated in 
Table 1. 


Volt-Ampere Characteristics 

In order to be able to analyze the 
complete electrical arc circuit, static 
volt-ampere characteristics are 
needed. The sensitivity of arc char- 
acteristics to changes in cathode 
geometry and material, as well as 
the existence of two modes of opera- 
tion, make it impractical at the pres- 
ent time to formulate mathematical 
expressions for the volt-ampere char- 
acteristics of the arc. It is neces- 
sary to rely on direct measurement 
of these characteristics. 

The sensitivity of the volt-ampere 
characteristics to slight changes in 
electrode material, geometry and to 
cathode mechanism is demonstrated 
by the family of volt-ampere curves 
covering a broad range of experi- 
mental conditions shown in Fig. 10. 
These curves are for argon arcs at 
atmospheric pressure and fixed elec- 
trode separations of 0.2 in. (5 mm), 
corrected for the voltage drop along 
the cathode in all cases. At a fixed 
current, differences in operating volt- 
age observed with different cath- 
odes are believed to be caused by 
changes in potential drop in the 
immediate vicinity of the electrodes. 
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Since the anode was the same in all 
cases, the anode drop is expected to 
be independent of cathode changes 
for a given current. The observed 
total arc-voltage changes are, there- 
fore, believed to be caused by 
changes in the cathode-potential 
drop. 

For a pure-tungsten cathode at a 


particular current and length, the 
most stable and reproducible condi- 
tion was found to be that which 
allows the arc to operate at the 
lowest possible voltage. This con- 
dition was most readily obtained 
with a cathode having relatively 
long extension and the tip shaped 
initially to an approximate hemi- 
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Fig. 13—V-! characteristics reported by various investigators 


| 
2 20 
16 0.4" 
> 
- 0.40 . 
‘ 
a — 
\ 
i 
0.025" 
==. 
| | 
bo 200 300 400 500 
| 
— 
| 
| | 
| 
A 
\ 
‘ 


~ VOLTS 


ARC POTENTIAL 


= 1/8" DIA. Ww. CATHODE 
C.S.m. 5/32° 1% TH.w. CATHODE 
COOLED CU. ANODE, ARGON | ATW 


-30 
LENGTH INCH 
Fig. 14—Effect of changing current and 
mode of operation on V-L 
characteristics" 


spherical shape. The representa- 
tive set of normal mode volt-ampere 
curves of Fig. 11 were obtained with 
a '/s-in. diam pure-tungsten cathode 
extending 1'/, in. from tip to point of 
cooling and current contact. The 
crosses ( <) represent the average of 
three sets of data taken with in- 
creasing current, and the circles (0 ) 
the average of three sets taken with 
decreasing current. The error in 
voltage measurement is estimated to 
be +0.1v. Actually, the data were 
taken in a cyclic manner and the two 
curves show, in effect, a hysteresis. 
This hysteresis is a result of a rela- 
tively slow change in molten tip 
shape with current. If the arc cur- 
rent is suddenly increased, the new 
operating point will fall initially on 
the upper curve and gradually drop 
to the lower voltage as the tip 
geometry changes with continued 
operation at the new current. 
Volt-ampere curves for the cath- 
ode-spot mode are shown in Fig. 
12. At currents below 100 amp, 
these curves rise sharply as shown 
by the complete volt-ampere charac- 
teristic in Fig. 10. A _ hysteresis 
effect similar to that observed in the 
normal mode was also observed with 
the cathode-spot mode. In order to 
correct for voltage drop along the 
relatively long cathode used with 
the normal-mode arc, temperature 
distributions along the pure-tung- 
sten cathode were measured using 
an optical. pyrometer. From the 
measured temperatures, the total 
resistance was determined using re- 
sistivity temperature data given by 
Smithells."* In the case of the si- 
mulated cathode-spot mode, for the 
relatively cold, short, thoriated- 
tungsten cathode used, no correc- 


tion is required for the IR drop. 
The typical shape of the voltage- 
current characteristic indicates that 
this curve is the result of at least 
two factors. One of the explana- 
tions which has been suggested is 
that the voltage-current curve is the 
result of the sum of (1) an arc po- 
tential increasing more or less 
linearly with current and (2) a po- 
tential associated with the power re- 
quired to maintain the arc action at 
the cathode which decreases as the 
temperature increases with current. 
The raising in position of the curve 
with arc length is simply explained 
by an increase in the plasma poten- 
tial with increasing length. ° 
The measurement of volt-ampere 
characteristics requires painstaking 
laboratory techniques. Since the 
data may be dependent upon the ex- 
perimental setup, including the par- 
ticular power supply, absolute val- 
ues may be almost impossible to 
establish. The comparison of data 
selected from a number of investi- 
gators is shown in Fig. 13. The 
operating conditions for the tests by 
Lancaster'? probably produced a 
cathode-spot mode, while those for 
Morris and Gore probably were 


taken with a normal mode opera- 
tion. 


Voltage-Arc Length Characteristics 
When working with low-pressure, 
low-current arcs, it is customary to 
determine the plasma potential gra- 
dient from the slope of the voltage- 
arc length curve. The sum of the 
electrode drops is usually deter- 
mined from a zero length extrapola- 
tion of the voltage-arc length curve. 
In such measurements, the electrode 
drops are assumed to be independ- 
ent of arc length. In high-current 
welding arcs at atmospheric pres- 
sure and relatively short lengths, 
this procedure may not be satis- 
factory since the electrode drops de- 
pend on the electrode separation. 
Voltage-arc length characteristics 
for 200- and 400-amp arcs operating 
in both modes are plotted in Fig. 14. 
Wide variations in the measured 
voltage-arc length curves for the 
simplest inert-gas-shielded welding 
arc are encountered as shown in 
Fig. 15. Extrapolations of voltage- 
arc length curves to zero lengths are 
uncertain as a precise measure of 
arc voltages with extremely short 
electrode gaps may result in an ob- 
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Fig. 15—V-L characteristics reported by various investigators 
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served voltage minimum followed by 
a slight voltage increase with fur- 
ther reduction of electrode spacing. 
A similar voltage rise is at times 
caused by a deflection of the arc 
away from the electrode axis with 
extremely short gaps. As the cur- 
rent is increased to 200 amp and 
above, this deflection is not ob- 
served. Additional voltage-length 
data for currents up to 1000 amp 
are shown in Fig. 16. 

The significance of the measured 
volt-length characteristics is best 
illustrated by comparing the plasma 
potential drops obtained by integra- 
tion of the field distributions calcu- 
lated from measured temperatures 
with the measured total arc po- 
tentials for different electrode sepa- 
0 rations. This comparison is made 

‘ in Fig. 17; the differences between 
ARC LENGTH- INCH the two curves are plotted as the sum 
Fig. 16—V-L characteristics for high-current tungsten-electrode arc welding'® of the cathode and anode drops. 
The downward trend of the voltage- 
arc length curve is shown to be 
caused by changes in the electrode 
drop with the electrode separation 
| | in short arcs. Extrapolation of the 
ARGom, ATH. 0.2 IM. LG. voltage-arc length characteristics to 
at 1. €.$.m. 3/32", 1% TH. CATHODE zero arc lengths gives only a zero- 
commen ©. length limit of the sum of the 
| electrode potentials. However, ex- 
400 trapolation to zero length with 
N A. constant slope from points at lengths 
greater than 0.2 in. does give a 
significant value for the long-arc 
electrode potential drops. 

By means of probe measurements 
in similar plasmas, Busz-Peuckert 
and Finkelnburg" have shown that 
the cathode drop is independent of, 

and the anode drop increased with, 
anc DISTANCE FROM CATHODE INCH that the sum of electrode drops 18 


Fig. 17—Comparison of total arc potentials Fig. 18—Effect of changing current and constant for lengths greater than 
and plasma potentials calculated trom mode of operation on electric-field dis- 9-2 in. and that the slope of the 
measured temperature distributions" tribution™ voltage-arc length characteristic at 
a point corresponding to a given 
electrode separation represents, at 
most, the mean plasma-voltage gra- 
dient for an arc of that length. 
The variation of the slope of the 
voltage-arc length characteristic 
with electrode separation in no way 
represents a distribution of the 
electric field intensity along the en- 
tire arc axis. Only for separations 
greater than 0.2 in. does the slope 
represent the mean plasma gradient. 
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Electric-field Intensity 


If one assumes the electric-field 
intensity at a given point on the arc 
axis to be constant across the plasma 
its magnitude at any point along the 
SS axis can be calculated. Electric- 

field intensities as a function of 

-08 +12 +20 +28 position along the axis have been 

PLASMA RADIUS - INCH determined by Olsen for the arcs 

Fig. 19—Effect of changing electrode separation on radial current-density studied. Figure 18 gives a com- 
distributioas at anode and cathode" parison of the field distributions in 
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——_———-External arc properties 
L, in. |, amp V, volts Mode 
0.05 200 8.5 +0.32 N 
0.1 200 9.9+0.20 N 
0.2 200 11.8 + 0.35 N 
0.4 200 14.2 + 0.10 N 
0.2 400 12.8+0.25 N 
0.2 200 13.8 + 6.33 C.$ 
0.2 400 16.5 + 0.32 C.$s 


Electrode drop, Ved Plasma Electric-field 

Plasma From res. intensity Axis current density 
pot. V-L Rp=Vp/I, Cath., Anode, Cath., Anode, 
Vp V-Vp char., v ohm v/in. v/in. amp/in.? amp/in.? 
0.8 7.7 +0.32 6.9 0.004 13.8 20.0 5,000 4000 
1.6 8.3 +0.20 6.9 0.008 24.8 21.0 9,500 3600 
3.2 8.6 + 0.35 6.9 0.016 34.0 10.0 11,800 1900 
5.9 8.3+0.10 6.9 0.030 40.0 6.5 12,300 1400 
3.2 9.6 +0.25 7.2 0.008 37.5 9.0 13,400 1900 
3.1 10.7 + 0.33 9.1 0.015 42.0 8.0 15,800 1900 
4.1 11.5 +0.18 9.5 0.010 55.0 6.7 19,800 1900 


the 200- and 400-amp arcs, 0.2 in. 
long, operating in the two different 
modes. It is suggested that the 
decrease in the electric-field inten- 
sity for the normal mode operation 
is associated with an increase in the 
diameter of the conducting column. 


Current Density 


Effects on the arc plasma of 
changing current and modes of oper- 
ation are best illustrated by shapes 
of radial current-density distribu- 
tions at the anode and cathode 
which are shown in Fig. 19. Changes 
in modes of operation at the cathode 
are found to have little effect on 
current-density distributions at the 
anode at constant current and 
fixed electrode separation. An in- 
crease in total arc current only dis- 
tributes the current over a larger 
area of the anode with no appre- 
ciable change in peak current den- 
sity on the arc axis. Current den- 
sities at the anode are found to be 
affected more by changes in elec- 
trode separation than by current or 
mode of operation. 


Plasma Characteristics—Resistance 


Electric arcs have, until recent 
years, generally been considered to 
have negative resistance characteris- 
tics. When operating at currents of 
100 amp or higher, volt-ampere 
curves for welding arcs are observed 
to have positive characteristics. 
The arc resistance, when defined as 
the ratio of the total arc voltage to 
the arc current, is dependent upon 
many of the arc specifications. In 
the common metallic conductors of 
uniform cross section, the charge 
carriers need not be created in the 
process of conduction and the resist- 
ance to flow of current is uniformly 
distributed along the conductor. In 
a gaseous conductor such as a weld- 
ing arc, the carriers must be created 
by the discharge mechanism and 
this, together with a change in cross 
section along the arc path, results 
in a nonuniform distribution of po- 
tential drop or resistance. 

The observed linearity of the 


rising portions of the voltage-am- 
pere characteristics, particularly for 
the cathode-spot mode, leads to a 
useful definition of arc resistance, 
i.e., the constant slope of this high- 
current portion of the curve. The 
entire arc, when operated on this 
linear portion of the curve, can be 
represented electrically as a fixed re- 
sistor in series with a constant- 
potential source. The potential of 
this fictitious source is equal to the 
value given by the intersection of 
the resistance line when extrapolated 
linearly to zero current. 

A summary of the electrical prop- 


erties of all arcs covered by Olsen 
which have been either directly 
measured or calculated from experi- 
mental data is presented in Table 2. 
The observed differences in shapes 
of the volt-ampere characteristics 
recorded for arcs in the two modes of 
operation given in Figs. 11 and 12, 
can now be understood in light of the 
experimental arc properties covered 
in the previous sections. From 
current density and electric-field 
distributions, it can be concluded 
that the potential drop near the 
anode in both arc modes is inde- 
pendent of arc current for currents 
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TEMPERATURE 
Fig. 20—Composition of the argon thermal-plasma atmospheric pressure™ 
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3 Table 2—Summary of Arc Electrical Properties 
| | 
| == SS vA 
| 
TALE 
| 
5 10 15 20 


above 200 amp. Busz-Peuckert 
and Finkelnburg" have also shown 
this to be true for these arcs through 
direct electrical-probe measure- 
ments. 

In the normal mode are where 
the pure-tungsten cathode tip is 
molten and changes shape notice- 
ably with current, the cathode drop 
is not expected to remain constant. 
The plasma potential determined 
from the measured temperatures for 


the 200- and 400-amp normal mode 
arcs, indicates a decrease in plasma 
electrical resistance with a current 
increase. The increase in total arc 
voltage which accompanies a cur- 
rent change from 200 to 400 amp is 
within experimental error account- 
able in terms of the measured in- 
crease in electrode-potential drop. 
Since the anode drop has been shown 
not to change with the arc current, 
the observed change in electrode 


WORMAL - MODE CATHODE - SPOT MODE 
20 109%. 
100 AMP. 100 AMP. 
11-9 VOLTS 13.5 VOLTS 
1190 waTTS 1350 waTTS 
200 AMP. 200 AMP. 
12.1 VOLTS VOLTS 
2420 WATTS 2880 WATTS 
300 AMP GY 300 AMP. 
12.8 VOLTS VOLTS 
3840 WATTS K 4440 waTTS 
400 AMP. 
15.3 VOLTS 


$00 AMP. 
13-8 VOLTS 
5520 waTTS 


6220 WATTS 


200 AMP. - 8.5 VOLTS 


16 +109 


+20 42 


200 AMP - 11.8 VOLTS 


200 AMP. - 10.9 VOLTS 


im. 


200 AMP - 14.2 VOLTS 


Fig. 22—Effect of arc-length change on isotherm maps of the normal- 


mode argon arc—1 atm." 
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drop must occur at the cathode and 
probably results from a change in 
tip configuration. 

The molten-tip diameter of the 
pure-tungsten cathode in the nor- 
mal mode is observed to increase 
with current until it reaches a maxi- 
mum value equal to the full cathode 
diameter at currents of approxi- 
mately 400 amp. Further increase 
in current only produces additional 
pointing of the molten tip with in- 
creased tendency for the plasma to 
constrict in a manner similar to the 
cathode-spot mode. The existing 
molten-tip condition, however, does 
not allow a stable cathode spot to be 
established, and attempts to in- 
crease the current further result in 
material loss from the molten tip. 
At this limit of current, the volt- 
ampere curve approaches a constant 
slope which, when extrapolated to 
zero current, gives the expected 
value for the total electrode drop. 

In the simulated cathode-spot 
mode, conditions are quite different. 
Here the cathode tip is not molten 
and there is no observed change in 
its shape with current. The total 
electrode drop is expected to re- 
main constant and any change in 
the are voltage with current is 
caused by a change in plasma po- 
tential. Within the limits of ex- 
perimental error, the major change 
of plasma potential can account for 
the observed increase in the total arc 
voltage. Also, within limits of er- 
ror, the total electrode drop in the 
cathode-spot mode, can be con- 
sidered constant in the 200- to 400- 
amp range of currents. 


Properties of Tungsten-arc 
Plasma Radiation 

Three general species of radia- 
tion are emitted from the plasmas of 
the high-current welding arc ac- 
cording to Olsen.'* Discrete line 
radiation from atoms, discrete line 
radiation from ions and continuous 
radiation from free electrons re- 
tarded by the attractive forces of 
the positive ions, even to the point 
of recombination, can be observed. 

The types of radiating particles 
encountered, be they atoms or ions, 
can be identified by observing their 
effect on the broadening of the spec- 
tral lines. Discrete line radiation 
from ionized particles are observed 
to be broadened symmetrically about 
the zero-field center of the line. 
On the contrary, atomic lines ex- 
hibit more pronounced broadening 
on the red side of the zero-field cen- 
ter than on the blue. It should be 
noted here, that some argon III 
lines which are emitted from the 
doubly charged ions were also identi- 
fied. The presence of these lines, 
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when viewed in conjunction with 
the plasma composition, is further 
evidence that plasma temperatures 
were observed as high as 20,000° 
Kelvin (35,000° F). The second 
and, probably, most distinguishable 
feature of the two general line types, 
is the sharp increase in the ionic- 
line intensity and decrease in atomic- 
line intensity as the point of ob- 
servation is moved from the anode 
to the cathode along the arc axis. 


Configuration of Plasma Radiation 
Shapes of the luminous plasma in 
a 300-amp argon arc at atmospheric 
pressure were determined by Olsen 
for the visible, atomic, ionic and 
continuous radiation for both modes 
of operation. Iso-intensity con- 
tour maps of these four radiations 
show that the bell-shaped portion of 
the plasma radiation is emitted 
chiefly by electrically neutral, ar- 
gon atoms. The more intense core 
of the plasma having more nearly 
uniform intensity from anode to 
cathode, which is slightly discernible 
in the photographed spectra, is 
continuous gas radiation resulting 
from both electron retardation and 
recombination. The deep blue cone, 
which becomes considerably more 
intense with contraction of the 
column at the cathode in the case of 
the cathode-spot mode, is identi- 
fied as ionic-line radiation. Tung- 


sten vapor lines constitute a negli- 
gibly small portion of the total 
radiation and do not appear to any 
degree in the arc plasma when the 
chamber-gas purity is high. 


Plasma-temperature Distribution 


The effect of temperature on the 
particle density for argon (Fig. 20) 
can be calculated'* in accordance 
with Saha’s equation. The effect 
of temperature on the relative in- 
tensity of a spectral line can be cal- 
culated from the particle densities. 
By comparing line intensities meas- 
ured spectrographically with the 
theoretical intensities, arc tempera- 
tures have been determined. Be- 
cause of the exponential dependence 
of the spectral line intensity on tem- 
perature, the spectral method for 
measuring temperature employed 
by Olsen is considered unusually ac- 
curate. 

Plasma temperatures have been 
measured for the normal and cath- 
ode-spot modes of operation. 
Complete isotherm maps of plasmas 
in 100-, 200-, 300-, and 400-amp 
argon arcs at atmospheric pressure 
and 0.2-in. electrode separation 
have been obtained. These maps 
are shown in Fig. 21. To show the 
effect of changing length on plasma 
geometry, isotherm maps of the 
200-amp, normal-mode argon arc 
at 0.05-, 0.10-, 0.2- and 0.4-in. 


length are given in Fig. 22. 

One practical value of the iso- 
therm map lies in its description of 
plasma configuration. Unless radia- 
tion measurements are made on an 
absolute-intensity basis, it is dif- 
ficult to compare the radiation 
geometries from one arc to another. 
The method of temperature meas- 
urement employed by Olsen through 
its intrinsic normalizing factor, puts 
the plasma configuration measure- 
ment on an absolute scale. With 
this method, intensity measure- 
ments from which temperatures are 
determined, need be on the same 
relative intensity scale only in the 
given arc studied. If the normal 
temperature is exceeded at some 
defined point on each observed 
radial intensity distribution, ob- 
servations need be relative only 
within an individual radial intensity 
distribution. Correction of ob- 
served intensities to give true radial 
intensity distributions were made 
by Olsen using a fifty-zone division 
of the arc radius and handling the 
data with an electronic computer. 


Effect of inert Gases Other than Argon 
Most of the basic data for tung- 
sten arcs which have been reported 
by investigators have used argon 
gas for shielding. Practically, ar- 
gon, helium or mixtures of the 
two are frequently used. Other 
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Fig. 23—V-I characteristics for arcs in various gases” 
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Fig. 24—V-L characteristics for arcs in various gases” 
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Few data have been reported for 
the arc characteristics operating 
over a molten crater in steel or 
other metals. Data for arc char- 
acteristics in helium have been only 
briefly reported. No systematic 
study of the relation of molten 
meta] penetration to welding tech- 
nique appears to be available for 


Table 3—Comparison of Energy Distribution for a Argon-shielded Tungsten Arc!2-"4 
of 0.2 In. in Length 


——Anode——. ——Cathode—— 
Total Per Per 
watts Watts cent Watts cent 


Loss 


Volts watts 


50 amp 
Olsen NM 16 800 512 28 
Olsen CSM 14.4 720 518 27 
Lancaster® 13.2 660 535 17 


100 amp 
Olsen NM 14 1400 
Olsen CSM _ 13.9 1390 
Lancaster® 12.5 1250 
300 amp 
Olsen NM 13 3900 
Olsen CSM _—i15-17 4710 


16 
16 
18 


10 
7 


@ Lancaster, probably CSM. 


inert gases such as neon, krypton 
or xenon may well be useful in 
future applications. A few data 
have been reported by Morton and 
Gage” comparing the volt-ampere 
characteristics with neon, argon, 
krypton, xenon and helium shielding 
for a tungsten cathode, molten 
titanium anode with a _ 0.50-in. 
arc length (Fig. 23). The low- 
current arc in a helium atmosphere 
with a molten titanium anode 
appears to contain ions of the metal 
only as evidenced by the presence 
of titanium spectral lines excluding 
the helium spectral lines. A sharp 
transition in the helium arc is 
found to take place at about 150 
amp. The voltage drops and the 
radiation are altered by the sudden 
appearance of helium lines in the 
central arc region. In Fig. 24 
is presented the relationship be- 
tween the arc potential and arc 
length at 300 amp for the five 
gases. 


Energy Distribution 


Lancaster"? and Olsen'‘ have both 
presented data for energy distribu- 
tion in the argon-shielded tungsten- 
arc welding process (see Fig. 9). 
The results obtained by these inves- 
tigators may be compared at a 
welding current of 100 amp (the 
highest current reported by Lan- 
caster) and at 50 amp. A single 
set of data is presented by Lan- 
caster, while Olsen differentiates 
between arcs of the normal and 
cathode-spot modes of operation. 
In Olsen’s data, the heat output for 
the anode is higher for the cathode- 
spot mode than for the normal 
mode of operation; for the cathode, 
the heat output is lower for the 
cathode-spot mode. As shown in 
Table 3, there is good agreement 
between the data presented by Lan- 
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caster and Olsen. It appears, from 
these data, that Lancaster’s tests 
were carried out with a cathode-spot 
mode of operation. 


Able investigators have studied 
the scientific and engineering param- 
eters of arc welding. The tung- 
sten-arc inert-gas system has been 
particularly suitable for thorough 
study, since the are zone is not 
complicated by metallic and fluxing 
vapors and by transferring molten 
particles. Investigations by Olsen 
have pointed out the differences in 
arc behavior for two different modes 
of operation. The most stable has 
been called the normal mode with 
a broad, luminous plasma extending 
around a molten hemispherical cath- 
ode tip. The cathode-spot mode is 
a higher voltage arc with a con- 
stricted plasma at the cathode. 
The recognition of these two types 
of operation will aid greatly in 
establishing agreement of the data 
which has been reported by many 
investigators. The plasma, con- 
sisting of a radiating mixture of 
free electrons, positive ions, and 
more or less highly electrically 
neutral atoms, can be surveyed spec- 
trographically. These studies show 
that the plasma is not uniform in 
temperature or potential distribu- 
tion. Hence, the electric-field inten- 
sities and current densities will also 
be affected. Maximum tempera- 
tures of 20,000° Kelvin (approxi- 
mately 35,000° F) have been ob- 
served in small areas near the 
cathode spot. 

Although extensive fundamental 
studies have been reported for the 
argon-gas-shielded tungsten arc, 
many questions remain unanswered. 


the inert-gas-shielded nonconsum- 
able-electrode process. 
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Welding Low-Carbon Martensite 


Although it is a generally accepted concept that brittleness 
is associated with untempered martensite, when the carbon content is low, 
untempered martensite has been found to be strong and ductile 


BY W. P. HATCH, 


ABSTRACT. Mobility is essential in 
modern military operations. In order 
to achieve mobility, weight reduction 
in our structures through use of high- 
strength weldable materials is_ re- 
quired. Because some _ remarkable 
properties had been reported for low- 
carbon martensites, such steels were 
considered to provide a very attractive 
possibility for use as high-strength 
structural materials. Moreover, with 
low-carbon levels such steels should be 
relatively free of weld-cracking prob- 
lems. 

It is shown in this report that low- 
carbon martensites do offer much 
promise as strong, ductile, tough and 
weldable materials for lighter-weight 
welded structures. In the 9% Ni steel 
investigated, yield and _ ultimate 
strengths on the order of 140,000 and 
180,000 psi, respectively, with 40 to 
50% reduction of area and good tough- 
ness were obtained. Although some 
reduction from the remarkable proper- 
ties of the base metal did occur on 
welding, the strength and toughness ob- 
tained in the welds were still outstand- 
ing. 


Introduction 


Background 


One of the essential ingredients to 
success in battle is mobility. _Mod- 
ern armies with their elaborate 
equipment and logistical installa- 
tions are difficult to conceal. In 
this respect the Army faces a great 
challenge. Both the dispersion of 
units and, in particular, improved 
cross-country mobility present the 
best prospects of reducing any 
tendency to present lucrative atomic 
targets on a future battleground. 
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The ability to disperse rapidly, 
coupled with the ability to converge 
and fight, requires a high degree of 
air and ground mobility. ' 

To achieve greater mobility in 
our vehicles, in our gun carriages, 
and in our rocket and missile 
ground-handling, erecting and 
launching equipment, we must 
either use lighter constructional 
materials such as aluminum and 
titanium, or achieve weight reduc- 
tion in our structures by use of 
high-strength weldable steels. 

Where do we stand with regard 
to weldable grades of alloy steel? 
Army Ordnance Specification MIL- 
S-13326A(ORD) makes provision 
for several strength levels with 
90,000-psi minimum yield strength 
most often specified for Army 
Ordnance equipment where higher 
strength levels are required. One 
of the commercial steels meeting 
this specification has been given 
wide publicity in recent years (i.e., 
steel T-1). Quenched and tem- 
pered at 1200° F., this steel is 
weldable and capable of better than 
90,000-psi yield with good ductility 
and toughness. However, if sub- 
stantial weight savings are to be 
realized, readily weldable, higher- 
strength steels are needed. 

Aborn? in the 30th Campbell 
Memorial Lecture described some 
remarkable properties for low-car- 
bon martensite. He showed that 
as quenched 43BV12, for example, 
develops a yield strength of 110,000 
psi, an ultimate strength of 187,000 
psi, with 63% reduction of area and 
good notch toughness. When tem- 
pered at 400° F, the only appreciable 
effect is an increase in yield strength 
from 110,000 to 145,000 psi. 
Earlier, Armstrong and Brophy* had 
reported similar outstanding pro- 
perties in a quenched 9% nickel 
steel containing 10 points of carbon. 
About the same time as the Campbell 
lecture, Doty‘ reported 140,000-psi 
yield strength, 194,000-psi ultimate 


strength and 52% reduction of area 
in a water-quenched alloy steel con- 
taining 15 points of carbon. 

With carbon down to 10-15 
points, steel may be relatively free 
of weld cracking. Ifso, the concept 
of high-strength, ductile, notch- 
tough, low-carbon martensite may 
open a completely new field of 
structural materials for welded con- 
struction. 

Obviously, if the remarkable high- 
strength properties of low-carbon 
martensite are to be utilized, the 
material cannot be subjected to 
stress relieving. However, this 
should not be a deterrent to investi- 
gation because in many applications 
stress relieving of weldments is un- 
necessary if the materials are in- 
herently tough and ductile. 


Objective 

From a metals-joining standpoint, 
the first and foremost consideration 
with regard to the usability of low- 
carbon martensite is the possibility 
of loss of strength and toughness in 
the as-welded heat-affected zone. 
The data presented in this report 
were obtained for the purpose of 
evaluating the effects of welding on 
tensile properties and notch tough- 
ness in one low-carbon martensitic 
steel. 


Materials 

A variety of materials for pre- 
liminary screening was supplied 
through the courtesy of an indus- 
trial concern. The AISI types and 
properties obtained after austenitiz- 
ing and quenching are presented in 
Table 1. Note that, of the seven 
steels investigated, three did not 
develop the desired 100% martensite 
in the */;-in. thick plate even when 
quenched in iced brine. 

Only one of the materials has been 
investigated to date; viz., the 9% 
nickel steel. This steel had the 
highest strength, ductility and 
toughness of all the materials 
supplied. 
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Procedures 


Welding Procedure 


The most detrimental effect that 
one might expect in welding as- 
quenched low-carbon martensite is a 


CO, FROM BOTTLE 


TANK FILLED 
WITH DRY ICE 


softening of weld heat-affected zone 
structures from thermal cycles in- 
volving various high subcritical 
peak temperatures. Secondly, if 
the cooling rates are not sufficiently 
high, intermediate lower-strength, 


WIRE FEEDER 


TRAVEL 
CARRIAGE 


9% Ni STEEL PLATE 


on 


WATER COOLED COPPER 
BACK-UP PLATE 


DIRECTION OF WELDING 


Fig. 1—Schematic sketch of gas-quenching setup 


Table 1—Mechanical Properties of As-quenched Steels. 


Tensile Specimen 


Unnotched 0.252-in. 


Ultimate 
Yield tensile Reduction 
Martensite, strength, strength,  Elong., of area, 
Material Quench % 0.2%, ksi ksi % % 
2512 Water 100 137 176 12 42 
4312 Water 100 125 166 13 44 
4812 Water 100 141 178 12 41 
9% Ni Water 100 145 192 15 56 
4112 Brine 55 116 152 12 41 
4612 Brine 85 108 144 12 49 
8612 Brine 75 101 136 14 41 
Table 2—Welding Conditions Used in Depositing Test Welds 
— Butt welds 
Procedural factor Normally cooled Rapidly cooled Fillet welds” 
Electrode size /ig in. in. in. 
Amperage 400 375 
Voltage 23 24 26 
Travel speed 20 in./min 17 in./min 14 in./min 
Primary gas shield- 40 argon, 2% 0 40 argon, 2% O 40 argon, 1% 0 
ing (cfh) +10 helium +10 helium +10 helium 
Contact-tube lin. from root 1 in. from root 3/, in. from root 
height 
Nozzle height 5/, in. from root 3/, in. from root 5/, in. from root 
Root gap 4/32 in. 3/32 in. None 
Joint geometry Single bevel groove Single bevel groove’ Tee joint 
weld weld 
Position of welding Fiat Flat 60° from horizontal 
Position of elec- Aligned on bevel Aligned on bevel Aligned on root gap 
trode edge edge 
Backing */,-in. mild steel 3/,-in. water-cooled */,-in. water-cooled 
copper copper for rapidly 
cooled welds 


Chemical composition of filler wire (weight, %) 


Cc Mn P Ss Si 
0.07 1.2 0.01 0.02 0.41 


Ni Cr Mo Vv Cu ’ Ti 
1.16 


0.12 0.13 0.33 0.93 


@ Conditions same for both normaily and rapidly-cooled welds. 
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less-tough transformation products 
can occur in the weld heat-affected 
zone structures heated above the 
Ax temperature. The times at 
temperature in welding are, of 
course, of very short duration—par- 
ticularly if the rates of cooling in the 
weld joint are high. Thus, the 
thermal cycles are tantamount to a 
heat-treating operation but, in con- 
trast to usual procedures, the heat- 
treating times are extremely short 
involving at most a few minutes. 
Accordingly, the metallurgical 
effects can be entirely different from 
those obtained under equilibrium 
conditions. 

So that a variation in cooling rate 
(and tempering times) could be 
studied, two welds were made for 
each test—one with normal cooling, 
and the other with rapid cooling 
achieved through a combination of 
gas quenching and water-cooled 
copper backing (Fig. 1). The gas 
was carbon dioxide passed over 
cracked dry ice; the quench was 
accomplished by blanketing the 
weld joint with a high flow of gas at 
approximately —60° C. In addi- 
tion to the gas quench, a water- 
cooled copper backing plate was 
used. A difference in the widths of 
the heat-affected zones was evidence 
of the effectiveness of the rapid cool- 
ing. In the case of the normally- 
cooled weld, the width of the heat- 
affected zone was approximately 
0.150 in. whereas, with the rapidly- 
cooled weld, the width of heat- 
affected zone was approximately 
0.100 in. 


To evaluate the feasibility of 
welding as-quenched low-carbon 
martensite, a special joint configura- 
tion was welded with automatic 
inert-gas-shielded consumable-elec- 
trode equipment. Conditions used 
for depositing the test welds are 
given in Table 2. The electrode 
used was a low-carbon Ni-Mo-V 
type which had been developed 
commercially for welding alloy 
steels. Typical mechanical prop- 
erties quoted by the manufacturer 
for welds deposited with the elec- 
trode were 100,000-psi yield 
strength, 115,000-psi ultimate ten- 
sile strength with 40% reduction of 
area in the as-welded condition. 
These properties considerably un- 
dermatched the strength of the as- 
quenched low-carbon martensite 
base material. Nevertheless, the 
electrode appeared to be the best 
available for this study. ‘ 


Tensile-testing Procedure 

It was anticipated that failure in 
machined transverse tensile speci- 
mens would always occur in the 
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weld metal, in which case little if 
any information on the heat-affected 
zone properties would be obtained. 
For this reason, a special type 
of notched-tensile specimen was 
adopted in an attempt to evaluate 
the heat-affected zones. Moreover, 
in order to evaluate the heat-affected 
zone structures, the geometry of 
weld joint was extremely important. 
For purposes of evaluating the 
strength of the heat-affected zone 
microstructures, a square-sided butt 
joint was necessary. The desired 
welds were obtained with a welding 
procedure utilizing a single-bevel- 
groove butt-joint preparation. 

Two types of tensile-test specimen 
were used; one a standard 0.252-in. 
tensile bar and the other a 0.125-in. 
diam notched microtensile specimen. 
Figure 2 shows the true stress-strain 
curves obtained from duplicate test 
specimens of each type. Note that 
the notched specimens indicate a 
higher flow strength and lower 
fracture strain than the unnotched 
standard 0.252-in. specimen, but 
the fracture stress is very nearly the 
same for the two test pieces. The 
purpose of the notched specimen is 
to restrict the stressed region to a 
small volume containing the par- 
ticular microstructures under test. 

For purposes of determining the 
tensile properties of the weld joint 
as a whole, unnotched standard 
0.252-in. tensile specimens were 
oriented transversely to the square- 
sided joint. For determining the 
relative properties of the various 
structures contained in the weld 
joint, the notch of the 0.125-in. 
microtensile specimens (Fig. 3) was 
located at various positions with 
respect to the centerline of the 
square-sided weld. Because the 
notch radius was sufficiently large to 
encompass a band of structures at 
each notch location, it is believed 
that the number of locations used 
were sufficient to determine the 
weakest link in the chain of weld- 
joint microstructures. 

Figure 4 shows a typical true 
stress-strain curve obtained from 
tensile tests of the 0.125-in. notched 
specimens from the weld heat- 
affected zones. The data for plot- 
ting strain were obtained with ap- 
paratus which provided a continu- 
ous indication of change in diam- 
eter. Flow stress defined as the 
stress at 0.05 true strain was deter- 
mined from the true stress-strain 
curves. Fracture stress and frac- 
ture strain were computed from the 
breaking load and final diameter of 
test specimens. 


Charpy-testing Procedure 
For two decades or more, welding 
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Fig. 2—True stress-strain curves of base-metal tensile specimens 


Notch centerline locations 
0—'/,s-in. outside darkly etching heat- 
affected zone 
l—outer edge of darkly etching heat- 
atfected zone 
2—?/, point in heat-affected zone 
3—'/; point in heat-affected zone 
4—fusion line 
5—weld metal 


Fig. 3—Sketch showing notched-tensile 
specimen and notch locations 
with respect to weld 


metallurgists and engineers have 
explored the problem of evaluating 
the notch-bar impact properties of 
welded joints. Little difficulty has 
been encountered in the case of 
deposited weld metal, but in the 
case of heat-affected base metal, the 
results have not been very reward- 
ing. The main problem in testing 
weld heat-affected zone is the steep 
gradient of structures present. 

One method for evaluating tough- 
ness in weld heat-affected structures 
involves locating the apex of the 
Charpy notch in a particular micro- 
structure. This, as in tensile test- 
ing, requires a square sided weld 
joint. Two major difficulties are 
encountered with this approach. 
The first arises from the practical 
problem of accurately and repro- 
ducibly locating the notch in a par- 
ticular structure within the steep 


10 
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Fig. 4—Typical true stress-strain curve for heat-affected zone notched-tensile specimen 
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Fig. 5—Transition curves showing relationship between weld and heat-affected 
base metal tested separately with standard specimens and in combination with 


double-width composite specimens. 


Total deformation was measured in ‘‘standard”’ 


specimens; whereas in double-width specimen, deformation was measured 


in each side (see Fig. 10 of Reference 5) 


gradient of heat-affected structures. 
Secondly, there is still some question 
as to whether fracture will occur in a 
low-strength ductile area or in the 
most notch sensitive of the gamut of 
microstructures in such a specimen. 

Another method utilizes a stand- 
ard V-notch Charpy-impact speci- 
men machined from a test weldment 
in such a way that the cross section 
under the notch consists of equal 
areas of weld metal and heat- 
affected base metal.’ With the 
weld and heat-affected base metal 
areas symmetrically located with 
respect to the specimen centerline, 
it is possible to plot two transition 
curves from a single set of specimens 
by measuring the lateral expansion 
in each side of the composite test 
specimen (Fig. 5). In other words, 
by separate measurements of lateral 
expansion, transition curves for 
both weld metal and heat-affected 
base metal are obtained from a single 
set of specimens. From Fig. 5, note 
that when separate tests were made 
of weld and heat-affected zone, 


Fig. 6—Joint configuration and specimen 


location used for evaluating weld 
heat-affected zone toughness 
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essentially the same _ transition 
curves were obtained. 

Because the plate under investiga- 
tion in this study was only */; in. 
thick, a special joint configuration 
was devised for evaluating tough- 
ness in the heat-affected zones 
(Fig. 6). Instead of a square- 
sided butt weld, a square-sided fillet 
weld was used. The Charpy speci- 
men (.295 in: wide by .394 in. 
deep) was cut with the notch per- 
pendicular to the fusion line. Al- 
though the specimen contained no 
weld metal, basically, the orienta- 
tion was the same as in a composite 
test; i.e., the various heat-affected 
zone microstructures ran perpendi- 
cular to the notch. The energy 
values obtained from such a speci- 
men constituted an integration of 
the toughness in the various struc- 
tures across the weld heat-affected 
zone. 

In addition to a simple compari- 
son between the base metal and 
weld heat-affected zone impact pro- 
perties, there was considerable in- 


terest in the suitability of 9% Ni 
steel for low-temperature service 
applications. In an attempt to 
learn more about the low-tempera- 
ture toughness properties of the 9% 
Ni steel, slow-bend tests were con- 
ducted over a range of temperatures. 
Performance in the slow-bend tests 
was judged by whether or not the 
material was capable of absorbing 
energy after maximum load, i.e., 
whether plastic-deformation work 
was required for crack propagation 
or whether a crack once initiated 
would propagate by elastic strain 
energy alone. 


Test Results 
Tensile-test Results 

The results obtained in testing 
unnotched 0.252-in. tensile speci- 
mens from the unwelded base metal 
are presented in Table 3 together 
with data for both the normally and 
rapidly cooled welds. Based on 
ultimate tensile strength, joint effi- 
ciency of the welded specimens was 
approximately 80%. Note also 
from the reduction-of-area values 
that there was apparently a rather 
serious loss of ductility in the welded 
specimens. 

Fracture in the welded unnotched 
specimens occurred in the metal- 
lurgical structures located about 
1/1, in. beyond the outer extremity 
of the darkly-etching heat-affected 
zone. The structures through which 
fracture occurred were those pro- 
duced by the thermal cycles of weld- 
ing having peak temperatures 
slightly below the A., of the base 
metal, thus corresponding to a high- 
temperature tempering thermal 
cycle. It is reasonable to believe 
that the region of lowest strength 
might be in this location where the 
microstructure would be _high- 
temperature-tempered martensite. 
The relatively low strength in the 
region of fracture is evident from a 
comparison of flow and fracture 
stress in the welded and unwelded 
specimens in Table 3. With regard 
to the loss of ductility indicated by 


Table 3—Mechanical Properties of the Base Metal and Transverse Weld Specimens 


Unnotched 0.252-In. Tensile Specimen® 


Ultimate 
tensile 
strength, of area, 
Condition ksi % 
Unwelded 193 56 
Normally cooled 152 23 


Rapidly cooled 153 34 


160 0.263 195 


Flow 
stress at 
Reduction 0.05true — 
strain, 
ksi in./in. ksi 
202 0.803 307 
160 0.181 


—Fracture 
Strain, Stress, 
Location 
Base metai test 
outside 
heat-affected 
zone 

‘/iein. outside 
heat-affected 
zone 


169* 


@ All values are the average of two or more test results, except where noted by asterisk. 
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Uitimate 
Notch tensile 
centerline Weld strength, 
location cooling ksi 
Base metal Unwelded 247 
Weld metal Normal 199* 
Rapid 212 
Fusion line Normal 218 
Rapid 227 
Heat-affected zone Normal 223 
'/, point Rapid 241 
Heat-affected zone Normal 248* 
2/, point Rapid 255 
Edge of darkly etch- Normal 211 
ing heat-affected Rapid 198 
zone 
1/1, in. outside darkly Normal 190 
etching heat- Rapid 181 


affected zone (loca- 
tion of fracture in 

unnotched 0.252-in. 
tensile specimens) 


Table 4—Mechanical Properties of the Base Metal and 
Transverse Weld Specimens Notched 0.125-in. Tensile Specimen* 


Reduction Flow ——Fracture——. 
of area, stress, Strain, Stress, 
ksi in./in. ksi 
26 259 0.294 310 

8* 207* 0.080* 214* 
14 223 0.151 245 
16 226 0.175 255 
18 236 0.194 270 
13 232 0.134 253 
15 252 0.160 278 
18* 259* 0.192* 298* 
17 267 0.185 300 
11 222 0.116 235 
16 207 0.178 234 
25 199 0.285 240 
27 190 0.313 234 


@ All values are average of two or more tests except where noted by asterisk. 


fracture strains in the welded speci- 
mens, it is believed that this seeming 
anomaly is probably the result of 
strain concentration; i.e., low duc- 
tility is indicated because strain was 
concentrated in a narrow band of 
low-strength structures surrounded 
by higher-strength material. 

The notch-tensile test results 
(Table 4) were consistent with those 
obtained from the standard un- 
notched tensile tests in that the 
weakest structures were indicated to 
be just outside the darkly-etching 
heat-affected zone. In Table 4 it is 
indicated that strength levels in- 
creased continuously from the fusion 
line out to at least the */; point in 
the weld heat-affected zone. More- 
over, slightly higher strengths were 
obtained in the rapidly-cooled welds 
indicating that accelerated cooling 
was beneficial in minimizing deg- 
radation of the original base-metal 
properties. However, at and just 
outside the outer boundary of the 
darkly etching heat-affected zone, 
strengths in both the normal and 
rapidly cooled welds decreased to the 
lowest levels obtained for any of the 
locations tested. Accordingly, the 
test results obtained with either the 
notched or unnotched specimen 
could be substantiated. Figure 7 
illustrates the correlation obtained 
between the location of fractures in 
the notched and unnotched tensile 
specimens; with the locations of 
lowest strength levels as indicated in 
Tables 3 and 4. 


Charpy-test Results 

As in the case of the tensile-test 
welds, for V-notch Charpy-impact 
tests two cooling conditions were 
investigated—one with normal cool- 


ing and the other involving a com- 
bination of gas quenching and water- 
cooled copper backing. The tran- 
sition curves obtained from the 
two cooling rates (Fig. 8) indicated 
a difference between the two cooling 
conditions, with rapid cooling (and 
shorter tempering times) the better 
of the two. However, the heat- 
affected zone in either case did not 
absorb as much energy as the as- 
quenched base metal. Thus, the 
net effect in the weld heat-affected 
zone was some loss of toughness 
although the degradation was less 
when the welding procedure incor- 
porated accelerated cooling. 

A question quite naturally arises 
at this point as to the significance of 
the energy levels associated with the 
upper and lower portions of the 
transition curves. For example, be- 
cause there is 10-12 ft-lb absorbed 
at —196° C, can we say that a 


Table 5—V-Notch Charpy 
Slow-bend Results 


Total Crack 


Temp., Energy, ft-lb energy, propa- 
Before After ft-lb gation 
—1% 13.8 0 14 Rapid 
—80 10.2 6.8 17 Slow 
25 8.4 6.5 15 Slow 
100 8.7 3.3 12 Slow 
200 8.5 0.9 10 Rapid 


structure fabricated from such a 
material would be safe from brittle 
fracture down to the temperature of 
liquid nitrogen? Impact testing in 
the conventional manner does not 
give an answer to this question be- 
cause in impact the energy-tempera- 
ture curve provides an integration of 
the work done in crack initiation and 
crack propagation. 

Slow-bend testing of the unwelded 
base metal provided an answer to 
the question. Referring to Table 5, 
note that at —196° C the fracture 
was brittle (zero energy after maxi- 
mum load); whereas, at —80° C 
and at room temperature plastic 
deformation work was necessary to 
propagate the crack. Thus, astruc- 
ture fabricated from such a material 
would not be safe from brittle frac- 
ture at —196° C; however, it would 
be safe down to approximately 
—80° C. 

The tendency toward brittleness 
with increasing testing temperature 
(Table 5) was unexpected; a com- 
bination of quench and strain aging 
(while slow bending) provides a 
possible explanation. A lowering 
of energy with increasing testing 
temperature was not observed in 
impact testing, which suggests that 
the phenomenon is a result of strain 
aging during slow bending. 


Fig. 7—Correlation between fractures in tensile-test specimens. 
The two specimens at the left are from rapidly cooled welds, 
and the two specimens at the right are from normally cooled welds 
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Fig. 8—V-notch Charpy-impact transition curves of welded and 
unwelded base metal (0.295-in. wide specimens) 


Summary and Conclusions 


In modern warfare, greater mo- 
bility in our vehicles, gun carriages, 
and rocket and missile ground han- 
dling, erecting and launching equip- 
ment will be essential to success in 
battle. Greater mobility will be 
achieved either by using lighter- 
weight constructional materials, 
such as aluminum and titanium, or 
by using high-strength weldable 
steels. Low-carbon alloy _ steels 
quenched to give low-carbon mar- 


tensite provide a very attractive 
possibility for simple structures 
fabricated from plate. The yield 
and ultimate strengths of such 
material are of the order of 140,000 
and 180,000 psi, respectively, with 
40 to 50 % reduction of area; and, 
in the 9% nickel steel investigated 
to date, the low-carbon martensite 
is notch tough down to at least 
—80° C. From the data presented 
herein, it appears that some reduc- 
tion from the remarkable properties 


of the base metal occurred on weld- 
ing. Nevertheless, the strength and 
toughness properties of welded joints 
were still outstanding. Moreover, 
it is believed that the degradation 
of properties in the weld heat- 
affected zones can be further mini- 
mized through use of procedures in- 
corporating controlled thermal 
cycles and faster cooling rates. 
From the results obtained in this 
investigation, it is concluded that 
low-carbon martensite offers much 
promise as a strong, ductile, tough 
and weldable material for lighter 
weight welded structures. 
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Notch Sensitivity in High-Strength Sheet Materials 


Catastrophic failures in missile-motor casings point up 
the need for a simple notch-sensitivity test for evaluating 


the effect of heat treatments, for screening good and bad heats 


and for other determinations 


BY GEORGE M. ORNER AND CARL €E. 


synopsis. Notch sensitivity in high- 
strength sheet and several techniques 
used for its measurement are discussed. 
The Charpy test, using standard 
V-notch test specimens (except for 
width which is made equal to sheet 
thickness) is indicated to be a highly 
informative and economical test for 
notch sensitivity in sheet in thicknesses 
not less than approximately 0.040 in. 

A correlation between Charpy en- 
ergy, adjusted for sheet thickness, and 
critical elastic-energy release rate (G,) 
is demonstrated for tough and mod- 
erately tough sheet materials. __ In brit- 
tle materials, anomalous results were 
observed. The probable reason for 
these anomalies is suggested. Correla- 
tion is also demonstrated between criti- 
cal crack length (at the 0.2% yield 
stress) and Charpy “notch-toughness 
index,” a parameter derived from 
Charpy energy-to-fracture adjusted for 
sheet thickness, yield strength and 
modulus. Formulas are derived for 
obtaining approximate values for G, 
and critical crack length directly from 
Charpy results. 


Introduction 


Background 

The insatiable demand for stronger 
and lighter-weight materials in high- 
performance aircraft and _ rocket 
applications is placing an increasing 
responsibility on the metallurgist, 
not only for providing better ma- 
terials but also for developing test 
methods and criteria for easily and 
realistically evaluating the mechani- 
cal properties of such sheet. One of 
the most controversial properties of 
sheet materials is a property which 
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has been loosely termed “notch 
sensitivity.”” The controversy ex- 
ists partly because a precise and 
generally accepted definition for 
notch sensitivity has not yet been 
found, although the closely related 
problem of brittle fracture in plate 
has been with us since the introduc- 
tion of Bessemer steel as a replace- 
ment for wrought iron around the 
middle of the Jast century.' 

The brittle failures that occurred 
in ships during and after World War 
II, and the intense research effort in 
the years that followed, have led 
to a good, although not yet com- 
plete, understanding of the brittle- 
fracture problem in steel plate. 
The problem of brittle fracture in 
sheet, however, has been given little 
attention until recently because 
structural materials which may be 
notch brittle in plate thicknesses 
usually behave in a ductile manner 
when rolled to sheet thicknesses. 
However, many of the currently 
used high-strength sheet materials 
which are being used in increasing 
quantities in both high-performance 
aircraft and rocket applications are 
liable to catastrophic failure. 
Moreover, the problem is aggra- 
vated by welding. 

The manifestation of notch sensi- 
tivity in sheet structures is cata- 


strophic failure at design loads. 
Service experience demonstrates 


that a structure fabricated from 
notch-sensitive materials will not 
necessarily fail catastrophically; 
however, the probability of failure 
increases directly with the notch 
sensitivity of the material from 
which it is fabricated. Irwin, et al.,? 
using the Griffith energy concept (as 
modified independently by both 
Irwin and Orowan,*) have shown 
that the possibility of catastrophic 
fracture in a specimen or service 
component, containing a notch of a 


given geometry, can be calculated 
in terms of the rate at which elastic 
energy is released during crack ex- 
tension and the minimum elastic 
energy-release rate (as determined 
experimentally for the material in 
question) that is necessary for the 
propagation of fast fracture. Thus, 
notch sensitivity is dependent not 
only on the energy required to prop- 
agate cracking, but also on the 
energy available for the propagation 
of the crack. 

Since catastrophic failure under a 
given set of conditions can be pre- 
dicted by the methods developed by 
Irwin and his associates, it appears 
that the controversy over notch 
sensitivity in sheet may be not so 
much in our basic understanding of 
the phenomena as in its practical 
engineering significance. In other 
words, the actual question is 
whether or not one can anticipate 
the magnitude of the most severe 
cracks and flaws that will occur 
either during the fabrication of 
welded sheet structures, or later in 
service, as the result of fatigue or 
some other cause. If one can antici- 
pate the most severe crack that will 
occur in a structure, the minimum 
notch-toughness requirement ex- 
pressed in terms of the critical crack 
length at the maximum working 
stress can be calculated. 

Since notch sensitivity is depend- 
ent on the energy required to prop- 
agate cracking and on the elastic 
energy available for crack propaga- 
tion (which is proportional to crack 
length and the square of the stress), 
the probability of catastrophic frac- 
ture can be minimized by one or 
more of the following methods: (1) 
by eliminating all significant notches 
in the fabricated structure and by 
minimizing the probability of their 
occurrence during normal service, 
(2) by limiting the stress level to 


WELDING RESEARCH SUPPLEMENT | 147-s 


Teecantss 


Fig. 1—Notched-tensile-impact and 
edge-notched-Charpy specimens 


In the case of the notched-tensile-impact 
specimen, the notches were standard Charpy- 
V notches cut to a depth of 0.188 inch, result- 
ing in a notch depth of 37.5% and a notch 
sharpness of 31.2. Lateral contraction was 
determined by measuring the change in 
width at position A. The edge-notched 
Charpy specimen was a standard V-notched 
impact specimen except for the width dimen- 
sion which was the thickness of sheet being 
tested. 


values below that at which fast frac- 
ture can occur from the most severe 
notches that are likely to be present 
in the fabricated structure or that 
may occur during the service life of 
the structure, or (3) by using a 
material with a sufficiently high re- 
sistance to crack propagation to 
avoid self-propagating fracture from 
the most severe cracks or defects 
that are likely to be present or that 
may occur during the normal service 
life of the structure. The first 
method does not seem realistic— 
particularly in view of the wide 
variations in workmanship likely to 
be encountered in a large structure. 
The second method is obviously un- 
acceptable because nothing is to be 
gained by the use of high-strength 
materials if severe limitations are 
placed on the maximum stress 
values. Thus, the third method ap- 
pears to be the most practical. 

There is a need not only for 
recognition that a serious brittle- 
fracture problem exists in high- 
strength sheet materials, but also 
for a simple, economical method of 
evaluation. The notch sensitivity 
of a particular sheet of material may 
be evaluated qualitatively by several 
different test procedures, or quanti- 
tatively by the Griffith-Irwin con- 
cept if specimen and notch geometry 
are specified. 


Objective and Scope 

The objective of the investigation, 
as presented in this paper, was to 
study the meaning and measure- 
ment of notch sensitivity in high- 
strength sheet materials. Several 
tests were investigated, includ- 
ing notch-tensile-impact, V-notch 
Charpy slow-bend and impact, and 
G. notch-tensile tests. A variety of 
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currently available titanium, steel 
and aluminum sheet materials were 
evaluated. 

This report is a condensation of 
an extensive investigation at the 
Watertown Arsenal Laboratories 
sponsored by the U. S. Air Force 
(Air Materiel Command). The 
principal objective of the main study 
was to evaluate titanium sheet for 
notch sensitivity as procured under 
the Department of Defense Titan- 
ium Alloy Sheet Rolling Program. 
The full report contains data on 
additional composition types includ- 
ing Ti—5Al-—2.5Sn, Ti-— 8Al—2Cb— 
1Ta, Ti-16V-—2.5Al, Ti-13V-11 
Cr—3Al and Ti-—5Al—2.75Cr— 
1.25F e, as well as other test methods 
for study of the meaning and 
measurement of notch sensitivity 
in sheet. * 


Test Procedures 


Notch-tensile-impact Tests 

Notch-tensile-impact tests were 
conducted at temperatures ranging 
from —196 to +600° C. using a 
specimen and fixture developed at 
Watertown Arsenal Laboratories for 
evaluating the toughness of sheet 
materials. The design of the speci- 
men (Fig. 1) was such that plastic 
deformation was, for all practical 
purposes, limited to the 1- x 2-in. 
test section. The fixture was used 
in conjunction with a_ standard 
Charpy impact-testing machine. 

Specimens were cut with flanges 
at each end of the test section to fit 
the special platens of the test fixture 
through which the load was applied. 
The impact load was transmitted 
to the movable platen by means of a 
lever assembly which was impacted 
directly with the Charpy machine 
pendulum. The tension-impact 
specimen was notched in the center 
on both edges of the 1- x 2-in. x sheet 
thickness test section with the stand- 
ard Charpy-V notch cut to a depth 
of */,\, in. resulting in a 37.5% notch 
depth with a notch sharpness (a/r 
ratio) of approximately 30. Speci- 
mens less than '/,, in. thick generally 
required reinforcing plates either 
bolted or spot welded to the flanges 
to prevent buckling, whereas speci- 
mens in the heavier gages were 
sufficiently rigid by themselves to 
withstand the buckling stresses and 
required no reinforcing. 

Performance was evaluated by 


*The full report entitled “An Engineering 
Evaluation of Notch Sensitivity in High-Strength 
Sheet Materials,” AMC TR NO. 60-7-—662, pre- 
pared for the Air Force can be obtained on 
loan from the Watertown Arsenal Laboratories’ 
Library WAL TR 405.1/1 and from the Armed 
Services Technical Information Agency (ASTIA) 
and will be available for purchase from the Office 
of Technical Services, U. S. Department of-Com- 
merce. 


measuring the lateral contraction in 
the fractured test specimen across 
the 1-in. test width at the notch. 
Lateral contraction was used in 
preference to the energy measure- 
ment because it avoided certain 
problems attending the measure- 
ment of energy-to-fracture in the 
tensile-impact test and, moreover, it 
had been shown in an earlier study‘ 
to correlate quite closely with energy 
when special precautions} were 
taken to allow for mechanical losses 
in the energy measurements. 


Edge-notch Charpy Tests 

The V-notch Charpy-impact test 
is being widely used to evaluate 
notch sensitivity in plate and other 
sections thick enough to allow the 
preparation of standard-size speci- 
mens. When section dimensions are 
less than 0.4 in., subsize specimers 
with square or rectangular cross 
sections are used. When cross sec- 
tions are rectangular, the notch is 
usually cut in the direction of the 
larger dimension; however, some 
investigators have broken specimens 
with highly rectangular cross sec- 
tions notched across the lesser 
dimension; e.g., Aborn’ studied the 
notch-impact behavior of  as- 
quenched low-carbon martensitic 
steels using a one-quarter width 
(0.098 in.) by standard depth (0.394 
in.) specimen notched across the 
0.098-in. dimension. In the present 
investigation, many of the sheet 
materials to be tested were in the 
0.090- to 0.130-in. thickness range. 
The conventional V-notch Charpy- 
impact test, using specimens of 
standard length and depth appeared 
to offer the simplest and most eco- 
nomical method of testing for notch 
sensitivity. Consequently, ‘“edge- 
notched” Charpy specimens (see 
Fig. 1) were cut and tested in a 
variety of sheet thicknesses to deter- 
mine the lower limit of specimen 
thickness that could be tested in 
this way without buckling. When 
it was found that specimens in thick- 
nesses as low as 0.040 in. fractured 
without buckling except in the most 
ductile materials, specimens from 
all but the thinnest sheets available 
for test were cut and tested.. For 
sheets less than 0.040 in., laminated 
specimens were prepared from two 
or more sheet thicknesses spot 


+ Copper crushing cylinders were used to arrest 
the motion of the lever assembly after fracture of 
the specimen. From the amount of plastic defor- 
mation that occurred in the copper cylinder, the 
kinetic energy remaining in the lever assembly 
could be obtained from a special calibration 
chart. However, the elastic energy remaining in 
the specimen halves and in certain parts of the fix- 
ture after a brittle fracture (ie., a fast fracture 
involving very rapid unloading of the test fixture) 
could not be measured accurately. 
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Fig. 2—Relationship between total Charpy 
energy and energy-to-propagate from 
Charpy slow-bend and multiple-blow im- 
pact tests 


welded together; however, the ad- 
vantage in rigidity gained by this 
technique was slight. 

A notch-toughness index was de- 
vised based on energy-to-fracture 
adjusted for specimen thickness, 
tensile yield strength and elastic 
modulus. Since tensile data were 
available at ambient temperatures 
only, Charpy index values could be 
calculated for room temperature 
tests only. For comparisons be- 
tween the various materials at sub- 
zero and elevated temperatures 
Charpy energy per unit thickness 
was used. The derivation and 
meaning of the Charpy notch-tough- 
ness index are discussed in a later 
paragraph. 

The Charpy machine used, one 
of conventional design, had a maxi- 
mum capacity of 217 ft-lb. The 
dial face of this machine was gradu- 
ated in degrees, and to facilitate 
measuring low values of absorbed 
energy (sometimes less than one 
ft-lb for the most brittle materials 
at depressed temperatures) a vernier 
was made and fitted to the recording 
pointer. Thus, pendulum deflec- 
tions could be measured to '/,, of a 
degree, equivalent to approximately 
1/19 of one ft-lb at the end of the 
scale representing low energy ab- 
sorption. As a check on the ac- 
curacy of the values obtained, a 
number of specimens from each of 
several of the most brittle materials 
were tested on a subsize machine 
having a maximum capacity of 16 
ft-lb. There was no significant 
difference between the test results 
obtained from the full-capacity ma- 
chine with the vernier and the low- 
capacity machine. Special lifts 
were used on the anvils of each ma- 
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Fig. 3—Relationship 
between total en- 
ergy-to-fracture and 
energy-to-propagate 
in Kahn-type tensile- 
tear test. (Unpub- 
lished data from 
Alcoa Research Lab- 
oratories) 


chine so that impact would occur at 
the center of percussion of the pen- 
dulum. 


Performance Criteria for 
Charpy-impact Testing 


In materials of widely different 
properties, the absolute values of 
Charpy energy-to-fracture cannot 
be compared directly. In general, 
catastrophic fracture can occur only 
when the energy required to propa- 
gate cracking is less than the elastic- 
energy release rate during crack ex- 
tension. Thus, the amount of 
elastic energy stored in a specimen 
is an important consideration in 
evaluating notch toughness and 
must be taken into account when 
materials with widely differing phys 
ical properties are being tested. It 
is suggested that the ratio between 
the Charpy energy-to-fracturet and 
the capacity of the sheet material 


t The Charpy energy-to-fracture value is an in- 
tegration of the energy required to initiate and 
propagatecracking. Strictly speaking, the ability 
of a material to resist catastrophic crack propaga- 
tion is dependent on the ratio of the energy re- 
quired for crack propagation and the available 
elasticenergy. The use of total energy-to-fracture 
in calculating the Charpy notch-toughness index is 
a matter of expediency since total energy is read 
directly from the face of the impact-testing ma- 
chine. Moreover, the use of total energy is justi- 
fied because total energy and energy-to-propagate 
appear to be directly proportional in notched-bar 
tests of sheet. Note in Fig. 2, where energy-to- 
propagate is plotted against total energy, that a 
straight line drawn through the origin closely rep- 
resents the plotted data. These data were ob- 
tained from Charpy slow-bend and multiple-blow 
impact tests on a variety of titanium and high- 
strength steel alloys, in several heat treatments, 
sheet thicknesses and test temperatures. In slow 
bend, energy after maximum load plus the elastic 
energy (which is absorbed during crack propaga- 
tion) was taken to represent the energy required 
for crack propagation. Striking evidence that the 
energy-to-propagate a crack bears a linear and 
proportional relationship to the total energy re- 
quired to fracture a sheet specimen may be seen in 
Fig. 3 (unpublished data, ALCOA Research Lab- 
oratories). The data were obtained using a Kahn- 
type of tear test on 54 lots of aluminum alloy sheet 
(0.064 in. thick) in 42 different combinations of 
composition and temper, tested in both the trans- 
verse and longitudinal directions with respect to 
the major direction of roll. Note that the total 
energy values vary from about 10 to 150 ft-lb and 
that the data fall close to a straight line drawn 
through the origin. 


for storing elastic energy is a signifi- 
cant criterion for evaluating relative 
notch toughness. 

The maximum amount of elastic 
energy that can be stored in sheet 
(before extensive plastic flow has 
occurred) is directly proportional to 
the square of the yield strength, 
inversely proportional to the elastic 
modulus and, for a given specimen 
size, directly proportional to the 
sheet thickness. Thus, a notch- 
toughness index can be obtained as 
follows: 


Elastic energy is proportional to 
Sheet thickness x yield strength? 
Elastic modulus 
therefore, 


Charpy energy 


; is proportional to 
Elastic energy 


Elastic modulus 
Yield strength? 


Charpy energy 
Sheet thickness 


Thus, in comparing heats from a 
single class of material (where the 
moduli and yield strengths do not 
vary greatly), the last term in the 
expression may be ignored so that 
notch toughness becomes propor- 
tional to Charpy energy per unit 
thickness. However, when com- 
paring materials with widely differ- 
ing moduli and yield strengths, such 
as titanium with aluminum or steel, 
the effect of these variables must be 
considered. 

Because of the effect of sheet 
thickness per se on notch toughness, 
the Charpy notch-toughness index 
is taken to apply only to the parti- 
cular sheet thickness from which 
the specimens were cut. In addi- 
tion to the mechanical effects of 
sheet thickness on notch toughness, 
in titanium there may be metallurgi- 
cal differences between sheets of dif- 
ferent thickness because of surface- 
contamination effects, etc. Thus, 
the materials engineer cannot com- 
pare different composition types 
using sheets of different thickness. 
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However, by using the Charpy index 
he can draw conclusions regarding 
the relative notch sensitivity of the 
particular sheets themselves. In 
design, sheet thicknesses are in gen- 
eral dictated by tensile-load con- 
siderations; thus, the design engi- 
neer is concerned with the relative 
notch sensitivity of sheets in speci- 
fied thicknesses rather than with the 
over-all notch-sensitivity properties 
of different composition types. 
From the considerations mentioned 
in the preceding paragraphs, it 
follows that (1) for sheet-to-sheet 
comparisons, regardless of the com- 
position or thickness of the individ- 
ual sheets, the Charpy index for 
each particular sheet may be used 
directly; (2) for heat-to-heat com- 
parisons (of a given composition 
type), sheets must be of equal thick- 
ness; and (3) for alloy-to-alloy com- 
parisons, not only must equal sheet 
thicknesses be used but also, be- 
_ cause of heat-to-heat variations, 

several heats of each alloy must be 
tested. 

Such comparisons, made on the 
basis of the Charpy notch-toughness 
index, assume that the working 
stresses for the various materials will 
be based on their respective yield 
stresses in accordance with conven- 
tional design procedures. This 
point is stressed because the severity 
of notch (i.e., crack length) neces- 
sary to initiate catastrophic failure 
is inversely proportional to stress 
squared. Thus, if the Charpy 
energy per unit of thickness is found 


to be the same for two alloys pos- 
sessing different tensile-strength 
properties, the higher-strength alloy 
may be notch sensitive and the 
lower-strength alloy may be notch 
tough because of the difference in 
the stress levels to which the two 
materiais will be subjected. For 
example, the room-temperature 
Charpy energy values for aluminum 
6061-T6 and solution-treated-and- 
aged Ti— 4Al—3Mo-—1V heat M8169 
were the same, viz., 2.5 ft-lb, 
whereas the notch-toughness index 
for the aluminum was 20.4 compared 
with 1.4 for the titanium due to the 
large difference in their yield stresses 
(35 and 162 ksi, respectively) and 
the consequent large difference in 
available elastic energy. Thus, the 
Charpy notch-toughness index, as 
opposed to the Charpy energy per 
unit of thickness, is considered to be 
a realistic measure of relative notch- 
toughness because it takes into ac- 
count the stress levels to which the 
materials will be subjected in service 
(as well as the modulus), i.e., factors 
on which the elastic energy release 
rate is based, as well as the energy 
required to fracture the specimen. 
In plotting test results where 
temperature was used as a variable, 
Charpy energy per 0.1-in. thickness 
was used rather than the notch- 
toughness index because a plot of the 
latter would have required tensile 
testing over a range of temperature 
to determine the yield strength at 
the various impact-testing tempera- 
tures. The cost of such additional 


tensile testing would have been 
prohibitive. However, the trends 
are known; i.e., as the temperature 
is lowered, the yield strength rises 
and, therefore, the notch-toughness 
index would be lower than indicated 
by the energy values. Conversely, 
as the temperature is raised above 
room temperature, the yield 
strength falls off and, therefore, the 
notch-toughness index would be 
higher than indicated by the energy 
values. Thus, the notch-toughness- 
index transition curve would show 
a more abrupt transition than the 
energy-temperature transition curve 
(see Fig. 4). When making com- 
parisons based on energy-tempera- 
ture plots, one must bear in mind 
differences in strength (and modu- 
lus) that occur as a function of test- 
ing temperature. 


Notch/Unnotch Tensile Testing 


Notch strength data were ob- 
tained on a limited number of 
titanium and steel materials using 
a variety of notched-tensile speci- 
mens ranging from '/, to 6'/-in. 
wide. The narrow ('/,in. wide) 
specimens were edge notched, using 
the conventional Charpy-V-notch 
geometry. The wider specimens 
were notched internally, the notches 
terminating in either a jeweler’s saw 
cut or a sharp V (0.001 to .002-in. 
radius). Notch/unnotch tensile- 
strength ratio and ductility measure- 
ments were used as criteria for 
evaluating notch sensitivity. 
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Fig. 4—Charpy notch-toughness index (O) and Charpy 
energy-to-fracture per 0.1-in. (x) vs. testing temperature. 
The material was Ti-6Al-4V heat M2804 (0.063-inch). 


notch-toughness index increases more rapidly with temperature than 
Charpy energy due to the decrease in yield strength with increasing 


temperature 
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Fig. 5—Notch-tensile-impact contraction-temperature curves for 
annealed Ti -6Al - 4V sheet 
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G. Determinations 

The Charpy tests, notch-tensile- 
impact tests and notch/unnotch 
tensile-strength tests§ give values 
for notch sensitivity that are quali- 
tative only. The “‘G,’ test (as ad- 
vocated by Irwin), on the other 
hand, gives quantitative results that 
can be expressed in terms of energy 
per unit area of crack extension, or, 
more conveniently perhaps, as the 
length of crack necessary to initiate 
fast (catastrophic) fracture at a 
particular stress level. 

It was hypothesized that the G, 
values should correlate qualitatively 
with edge-notch-Charpy test re- 
sults. Therefore, notched-tensile 
specimens for obtaining G, values 
were cut and tested in several of the 
more notch-sensitive sheet materials 
in accord with NRL specifications.° 
Each specimen was 3-in. wide by 
12-in. long and contained a 1-in. 
long transverse saw cut in its center 
with sharply notched ends (0.001- 
to 0.002-in. radius). The ends of 
the titanium specimens were 
softened by solution treating to 
facilitate gripping. Before loading, 
a drop of india ink was applied at 
the notch tips to define the extent 
of slow fracture. The specimens 
were pulled in a conventional testing 
machine using wedge-type grips at a 
rate of 0.05 ipm until fracture oc- 
curred. The load at the onset of 
fast fracture was recorded. The G: 
value was calculated from the 
following formula from Irwin for 
plane stress: 


tan rac? 


ra/b 


where: 


a = one-half the crack length at the 
onset of fast fracture 
specimen width 

gross stress, remote 
crack path 

E = Young’s Modulus 
The length (C) of crack necessary to 
initiate catastrophic failure at any 
stress (c,;) in a wide sheet (i.e., wide 
compared with the length of the 
crack so that Tan (a/b) /(ra/b)—1) 
was obtained as a simple derivation 
from the expression for G,. 

9 


(ay 


b 


from the 


C= 


§ Notch/unnotch tensile-strength tests, by 
yielding values that are greater or less than unity, 
are sometimes considered to differentiate bet ween 
notch-insensitive and notch-sensitive materials; 
however, it is obvious that no such dividing line 
exists and that notch sensitivity is a matter of de- 
gree rather than a property that either exists or 
does not exist in any particular material. Any 
material will yield notch /unnotch tensile strength 
ratios of less than unity if the specimen is wide 
enough and notch long enough. 


or more directly (substituting for 
G.) C = (2/7) (6 tan x a/b) 
Since working stresses are in general 
based on the 0.2% yield strength 
(and the yield strength will almost 
certainly be reached in most high- 
strength sheet structures, even if 
only locally due to stress concentra- 
tions or residual stresses), the use of 
critical crack length at the 0.2% 
yield stress appears to be a realistic 
and convenient way to express the 
degree of notch sensitivity. If o; is 
taken as the 0.2% yield stress, then 
C is equal to the minimum crack 
length (i.e., the least severe notch) 
necessary to precipitate catastrophic 
fracture when loaded to the 0.2% 
yield stress. It was hypothesized 
that the Charpy notch-toughness 
index should correlate qualitatively 
with this value. 


Test Results 
Notch-tensile-impact Results 

Typical contraction-temperature 
curves from sheet-notch-tensile-im- 
pact tests are presented in Figs. 5 


and 6. Figure 5 illustrates the data 
obtained from two consecutively 
numbered heats of Ti-—6Al—4V 
(M4789 and M4790) both in the 
0.125-in. thickness. The superior 
performance of the former heat is 
attributed partly to its lower tensile 
strength (139 ksi vs. 147 ksi for 
heat M4790) and partly to differ- 
ences in microstructures. Both 
transversely and longitudinally ori- 
ented specimens were tested. Note 
that, unlike steel plate, the lowest 
energy values were obtained when 
the fracture propagated in a direc- 
tion perpendicular to the principal 
rolling direction (specimen longi- 
tudinal). These data are typical 
for annealed titanium sheet alloys. 

The data in Fig. 6 were obtained 
from four heats of Ti—4Al—3Mo-—1V 
in the solution-treated and the solu- 
tion-treated-and-aged conditions. 
Note that the lateral contraction 
values were low throughout the 
entire test-temperature range even 
in the solution-treated materials. 
The lateral contraction values in- 
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Fig. 9—Charpy-impact energy-temperature curves for 
solution-treated-and-aged Ti- 


4A| -3Mo-1V sheet 


creased slowly with temperature as 
compared with the more abrupt 
transitions which characterized the 
behavior of the annealed materials. 
At 400° C, the data for the solution- 
treated materials indicate a slight 
decrease in contraction, presumably 
due to aging effects. 


Charpy-impact Results 

Energy-temperature curves from 
edge-notch Charpy tests of three 
heats of mill-annealed Ti-—6Al—4V 
sheet are presented in Fig. 7. Note 
the similarity between these curves 
and those obtained by notched- 
tensile-impact on heats M4789 and 
M4790. 

The Charpy data from solution- 
treated Ti-4Al—3Mo-lV sheet 
(Fig. 8) and solution-treated-and- 
aged Ti—4Al-3Mo-lV sheet (Fig. 
9) indicate generally low energy 
values and poorly defined transitions 


Note the similarity between these 
curves and those obtained by notch- 
tensile impact, including a loss of 
toughness in the solution-treated 
materials at elevated testing temper- 
atures—presumably due to aging. 

Energy-temperature curves for 
two hot-work die steels tempered to 
various strength levels are presented 
in Fig. 10. Note that higher tem- 
pering temperatures (lower strength) 
were attended by somewhat greater 
energy values. If data for plotting 
notch-toughness index were avail- 
able, an even greater separation be- 
tween the curves would be observed 
because of the differences in yield 
strength. 


Charpy Slow-bend Results 

The Charpy-impact test has been 
used for many years to indicate 
notch sensitivity in plate and was 
chosen as a test for evaluating notch 


Table 1—Charpy Energy, Slow Bend Vs. Impact 


Heat Gage, in. 
- 6Al - 4V, mill-annealed 


Temp., 


Charpy energy (ft-lb per 0.1 in. 
°c Slow bend Impact 


M4789 0.125 25 
—196 
0.125 25 
—19% 


M4790 


Ti - 4Al - 3Mo - 1V, solution-treated 
M8011 0.125 


M8171 0.125 


Ti - 4Al - 3Mo - 1V, solution-treated-and-aged 
M8011 0.125 


M8018 0.063 
M5410 0.063 25 


Hot-work die steel, 56, quenched & tempered (194-ksi yield) 


0.095 25 
+200 
Hot-work die steel, 218, quenched & tempered (203-ksi yield 


43311 0.090 25 
+200 


22227 


9. 
8 
3 


152-s | APRIL 1960 


sensitivity in sheet because of its 
economy (particularly in terms of 
the material requirement) and the 
ease with which tests can be run at 
temperatures other than ambient. 
However, in that the results are ob- 
tained in terms of total energy to 
fracture, there is no separation be- 
tween the energy to initiate and 
energy to propagate cracking unless 
special techniques are _ used.’ 
Furthermore, the validity of an im- 
pact test as applying to a structure 
which may be subjected to static 
loads only has been questioned. 
Therefore, to obtain a better under- 
standing of the meaning of the 
Charpy energy measurement in 
sheet specimens and to compare the 
effects of static vs. impact rates of 
loading, Charpy slow-bend tests 
were run on a number of sheet 
materials at room, elevated and sub- 
zero temperatures. Autographic 
load-defiection records were taken. 
Load-deflection curves are illus- 
trated in Figs. 11 and 12. Note in 
Fig. 11 (room-temperature data) 
that fracture propagation as re- 
corded on the load-deflection curves 
by the portion of the curve after 
maximum load was slow and ac- 
companied by considerable absorp- 
tion of energy in the two mill-an- 
nealed Ti—6Al—4V heats M4789 
and M4790, but that fast fracture 
occurred in both Ti—4Al—3Mo-—IV 
heats M8018 and M5410 in the 
solution-treated-and-aged condition. 
Figure 12 illustrates load-deflection 
data for one heat of Ti- 4Al-3Mo- 
IV in the solution-treated and in the 
solution-treated-and-aged condition, 
at room temperature and at +200 ° 
C. Note that in the solution- 
treated condition, good ductility 
is indicated at +200°; whereas, at 
room temperature there is evidence 
of brittleness. In the aged condi- 
tion some ductility is indicated at 
+200, but at room temperature the 
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fracture was sudden and complete; 
i.e., the crack was propagated by the 
elastic energy released as a result of 
its own extension. 

Total energy to fracture in slow 
bend was obtained by measuring the 
total areas under the load-deflection 
curves. Table 1 compares energy 
absorption values for Charpy slow- 
bend and impact tests. Note the 
generally good agreement, with the 
values in impact tending to run a 
little higher than in slow bend. 

The energy differences between 
slow bend and impact were observed 
to correlate with fracture appear- 
ance; i.e., the impacted specimens 
showed slightly thicker shear lips 
and generally more ductile-looking 
fractures. The difference in frac- 
ture appearance between slow bend 
and impact was most evident in the 
Ti-6Al—4V heats M4789 and 
M4790 in the room-temperature 
tests where the only major dis- 
crepancies in energy values between 
slow bend and impact were noted. 
Note that in the case of these two 
heats tested at room temperature, 
the energy absorption in impact was 
several times that obtained in slow 
bend. For these two heats, the 
fracture mode in impact at room 
temperature was largely by 45 deg 
shear, compared with a predom- 
inantly cohesive type of fracture 
(brittle-appearing flat fracture, 
similar in appearance to cleavage 
in steel) in the slow-bend tests con- 
ducted at the same temperature. It 
is curious that higher energy absorp- 
tions should occur in impact than in 
slow bend. Impact is generally 
considered to be the more severe 
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test condition; certainly this is true 
for ordinary low-carbon structural 
steels in the cleavage cracking tem- 
perature range." The cohesive type 
of failure in titanium, which is as- 
sumed to be analogous but not 
identical to cleavage in steel, either 
is not facilitated by high strain 
rates as might be expected, or the 
effect may be offset by other phe- 
nomena such as adiabatic tempera- 
ture rise and /or aging effects. 

In the most notch-sensitive ma- 
terials, cracks were propagated by 


Table 2—Notch/Unnotch Tensile Data 


Over-all 
test- Internal- 
section notch 
Material width, in. length, in. 

Ti-6Al-4V '/, 
Heat M7199 3 1.0 
Gage 0.055 in. 6'/. 1.5 
Annealed 6'/, 2.2 
Ti-4Al-3Mo-1V 
Heat M8018 3 1.0 
Gage 0.063 in. 6'/. 1.3 
Sol. Tr & Aged 6'/. 2.2 
Ti -4Al -3Mo-1V ify 
Heat M5410 3 1.0 
Gage 0.063 in. 6'/. 1.5 
Sol. Tr & Aged 
Ti-4Al-3Mo-1V 3 1.0 
Heat M8169 0.125 in. 6'/. 1.5 
Sol. Tr & Aged 6'/. 2.2 
Ti-4Al-3Mo-1V 
Heat M8012 0.090 in. 6'/. 1.5 
Sol. Tr. 6'/, 2.2 


Notch/un- 
notch tensile 

Edge-notch Notch strength 
depth, in. radius ratio 
0.125 0.010 1.25 
0.002 0.89 
Saw cut 0.88 
0.002 0.65 
0.125 0.010 1.02 
0.002 0.38 
Saw cut 0.42 
0.002 0.22 
0.125 0.010 1.06 
0.002 0.41 
Saw cut 0.56 
0.002 0.28 
0.002 0.28 
Saw cut 0.44 
0.022 0.25 
0.125 0.010 1.06 
Saw cut 0.84 
0.002 0.73 


@ Approximate. 


the release of stored elastic energy 
as was indicated by the sudden 
drop in the load-deflection curves at 
maximum load in the slow-bend 
tests. When the amount of stored 
elastic energy exceeded the energy 
required for crack propagation, the 
elastic energy drawn from the pen- 
dulum in impact tests, and appear- 
ing as area under the load-deflection 
curve in slow-bend tests, was not 
absorbed in the actual fracture of 
the specimen. Thus, fictitiously 
high-energy values were recorded. 
In impact, where yield stresses are 
raised by the high-strain rates, the 
amount of stored elastic energy 
would presumably be considerably 
higher than in slow bend, thus 
greater elastic energy losses would 
result which may be responsible in 
part for the higher recorded energy 
values in impact. 

It was noted that although the 
Ti — 6Al — 4V specimens fractured in 
slow bend at room temperature ex- 
hibited brittle-appearing fracture 
surfaces with very small shear lips, 
the cracks propagated slowly with 
considerable absorption of energy. 
In the aged Ti-—4Al—3Mo-l1V 
heats, tested under the same condi- 
tions, fracture was brittle (i.e., fast); 
yet, the fracture surface were pre- 
dominantly shear lip and of ductile 
appearance. Thus, fracture ap- 
pearance in titanium alloys does not 
appear to be a reliable indication of 
brittle fracture. 

The hot-work die steels, 56 and 
218, tempered at 1025° C (yield 
194 and 203 ksi, respectively) ex- 
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hibited generally brittle behavior 
in both slow bend and impact at 
this strength level; when tempered 
at a higher temperature, the latter 
material showed considerable notch 
ductility at a somewhat reduced 


strength level. 


Notch/Unnotch Tensile Results 


Notch/unnotch tensile strength 
ratios were obtained on a number of 
sheet materials using a variety of 
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Fig. 11—Charpy slow-bend load-deflection curves for Ti - 6Al -4V and 
Ti-4Al - 3Mo -1V tested at room temperature 
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Fig. 12—Charpy slow-bend load-deflection curves for solution-treated and solution- 
treated-and-aged Ti - 4Al - 3Mo - 1V (0.125-in. heat M8011) tested at room temperature 


and +200° C 
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specimen geometries. The notch/ 
unnotch tensile-strength ratio cri- 
terion for notch sensitivity is con- 
sidered by many investigators to be 
the best and most practical measure 
of notch sensitivity, particularly in 
high-strength sheet. Undoubtedly 
this criterion is highly sensitive to 
variations in notch sensitivity when 
a suitably designed specimen is 
used;’ i.e., a specimen that is 
sufficiently wide and_ contains 
notches that are sufficiently sharp 
and deep so that crack initiation 
can occur at net section stresses of 
less than yield-strength magnitude. 
It is of interest to note, however, 
that maximum load in a notched- 
tensile specimen generally coincides 
with crack initiation, or at least 
occurs before any significant crack 
propagation has occurred. Thus, 
notch strength is a measure of the 
stress required to initiate cracking 
under a particular set of conditions. 

It is sometimes stated that an 
advantage of the notch/unnotch 
tensile-strength ratio criteria is that 
the results are obtained in terms of 
stress and, thus, are more acceptable 
to the designer than energy criteria. 
This advantage may be largely 
psychological, however, because 
notch /unnotch tensile-strength ratio 
is, except under ideal conditions of 
test, a purely qualitative measure of 
notch sensitivity, being highly de- 
pendent on specimen and notch 
geometry and, thus, hardly more 
applicable to conventional design 
procedures than Charpy energy 
criteria. The dependency of notch/ 
unnotch tensile strength ratio on 
geometry is clearly indicated in 
Table 2. On the other hand if, in 
notch-tensile testing, conditions are 
such that a condition of instability 
between crack propagation and 
elastic-energy release rate can be 
set up, and the crack length and 
stress at the instant of instability 
measured so that G, can be calcu- 
lated, the test results become highly 
significant. 

Attention is invited to the fact 
that conventional ductility measure- 
ments from unnotched tensile speci- 
mens, i.e., percent elongation and 
reduction in area, appear to have 
little relation to notch sensitivity 
(Fig. 13). Note that although a 
rough trend is indiceted by the data, 
i.e., the materials which exhibit the 
greatest tensile ductility tend to have 
the higher values of notch toughness, 
the scatter is so great that ductility 
measurements from unnotched ten- 
sile specimens appear to be of little 
or no practical use for predicting 
notch sensitivity. 
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Critical Energy-release Rate (G.) 
Test Results 

As previously discussed ‘‘G,”’ tests 
are considered to be quantitative. 
Thus, tests were conducted to deter- 
mine whether a correlation exists 
between Charpy and G, test results. 

From the results of preliminary 
tests using 6'/.-in. wide notched- 
tensile specimens (with compara- 
tively blunt notches, i.e., saw cuts), 
it was obvious that most of the 
annealed titanium alloys were too 
notch tough to develop fast fracture 
(a necessary condition for evaluating 
G.), unless impractically wide speci- 
mens were used. However, in a 
few cases, slow cracking was 
followed by fast fracture and G, 
values were calculated. Although 
most of these results showed cor- 
relation with the Charpy test, the 
data are not presented because they 
are considered to be unreliable due 
to the very high net section stresses 
that occurred during test and also 
because maximum load rather than 
load at the onset of fast fracture had 
been recorded. 

Additional G, determinations were 
made using the 3-in. wide tensile 
specimens recommended by NRL‘ 
with a 1-in. long, 0.001- to 0.002-in. 
radius notch. In general, the re- 
sults of these tests in the titanium 
alloys were disappointing. In the 
annealed and solution-treated ma- 
terials, net section stresses were 
generally high, approaching and 
sometimes exceeding the yield 
stresses, and in the solution-treated- 
and-aged materials fast fracture 
developed directly from the notch 
extremities. Either of these condi- 
tions precludes a true G, determina- 
tion. 

In an attempt to obtain signifi- 
cant G, values for the titanium 
alloys, 6'/,-in. wide tensile speci- 
mens containing sharp notches 
(0.001- to 0.002-in. radius, 2.22-in. 
long) were tested in a _ solution- 
treated Ti—4Al—3Mo-IV heat 
(M8012), an annealed Ti — 6Al — 4V 
heat (M7199) and three heats 
of solution-treated-and-aged Ti 
4Al —3Mo — IV (M8018, M5410 and 
M8169). Once again a high net- 
section-stress yield-stress ratio re- 
sulted for the solution-treated Ti 
4Al-—3Mo-IV heat and fast frac- 
ture occurred directly from the 
notch extremities in all but one of 
the solution-treated-and-aged heats. 

When fast fracture occurs directly 
from the notch, G, may be calcu- 
lated using maximum stress and 
original notch length in lieu of stress 
and crack length at the onset of 
fast fracture. Provided the net 
section stress is low, G, represents a 
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value that is at least as high as, and 
probably higher than, the true G, 
value. Duplicate, and in some 
cases triplicate, tests gave consist- 
ent G, values and in the one case 
where both G, (from 3-in. wide 
specimens) and G, (from sharply 
notched 6'/,-in. wide specimens) 
were obtained, the difference be- 
tween the two was not very great 
(G, values of 253 and 248 in.- 
lb/in.* were obtained from duplicate 
tests, while the G,. value for the 
same material was indicated to be 
164 in.-lb/in.?). Thus, the G, 
values appearing in Table 3 are 
believed to represent reasonable 
approximations for G,. When mul- 
tiple tests were made of a given 
material or when both 3- and 6'/.-in. 
wide specimens were tested in a 
given material, the lowest observed 
value of G, was recorded in Table 3; 
the low value was selected because 
G, cannot be lower than the true 
value of G. when fast fracture starts 
directly from the notch and the net 
section stresses are low. 

Additional data on steel were ob- 
tained by cutting Charpy specimens 
from broken G, specimens. These 
materials comprised a wide variety 
of high-strength steel materials in 
various conditions of heat treat and 
specimen orientation. They also 
are listed in Table 3. 

G. values including some G,, values 
from the more notch-sensitive tita- 
nium alloys are plotted against 
Charpy energy per 0.1 in. of sheet 
thickness in Fig. 14. Figure 15 
illustrates a similar relationship* 


WELDING RESEARCH SUPPLEMENT | 155-s 


between Charpy notch-toughness 
index and critical crack length (at 
the 0.2% yield stress) as obtained 
from the G, values. Note that al- 
though there is considerable scatter, 
a direct proportionality is indicated 
between G, and Charpy energy per 
0.1 in. of thickness over a wide range 
of values. However, at low values 
of G, the Charpy values for most of 
the steel alloys and all of the tita- 
nium alloys fell well above the curve. 
An examination of the fracture sur- 
faces of the steels that behaved 
anomalously disclosed that fracture 
was predominantly cleavage; ii.e., 
only 20 to 45% of the fracture sur- 
faces were fibrous, whereas 70 to 
100% fibrous fracture was observed 
in the steels that showed correlation 
(steel number 26 was the only ex- 
ception showing correlation with 
only 30% fibrosity). In the more 
ductile materials, Charpy energy 
values correlate with G, and there- 
fore can be used quantitatively. In 
some of the more brittle steels, the 
lack of correlation indicates that 
the Charpy energy values are neither 
quantitative nor qualitative. How- 
ever, in spite of the lack of correla- 
tion in the case of the more brittle 
steels, the Charpy test is useful in 
that fracture appearance (high per- 
centage of cleavage) can be used to 


* This relationship stems directly from the re- 
lationship illustrated in Fig. 14 and hence shows 
the same anomalous results for the more brittle 
materials. (A few of the data presented in Fig. 14 
are not shown in Fig. 15 because the tensile data 
necessary for calculating Charpy notch-toughness 
index were not available.) 


Table 3—G, and Charpy Data 


Heat Gage, 
Mark or alloy in. 


Ti-4Ai -3Mo -1V, solution treated and aged 


1 M8018 0.062 
2 M8174 0.125 
3 M8170 0.115 
M8169 0.125 
5 M5410 0.062 


Ti-4Al -3Mo - 1V, solution treated 
6 M8012 


Ti-6Al -4V, mill annealed 
7 M7199 


Aluminum 


8 7178-T6 
9 7075-T6 


72.0 
62 


Experimental heats (G, values obtained by U. S. Steel Corp.) 


10 4317 080 
ll 4318 -080 
12 4319 -080 
13 4320 -080 
14 X200 -080 
15 H-1l -080 


16 6150 Mod 
17 AMS 6434 
18 AMS 6434 
19 AMS 6434 
20 AMS 6434 
21 AMS 6434 
22 AMS 6434 


X200 steels, tempered at 700, 950 and 1 


23 X200 
24 X200 
25 X200 


Hot-work die steels 


26 56 
27 218 


Naval Gun Factory steels (G, values obtained by NGF) 


4335L1 
4335L3 
4335L5 
4335L8 
4335L10 
4335T1 
433574 
4335T5 
433577 
4335T10 


Lockheed-JPL data 
42 218 


43 17-7PH 
44 AM350SCT 
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Charpy 
ksi ksi 0.1 in.) 
Rar’ 158.0 182.1 164 2.5 1.6 0.063 65 

oh 184.2 201.4 189G, 2.5 1.1 0.053 25 

he! 183.6 201.3 1526, 2.3 1.0 0.042 30 

162.2 193.9 137G, 2.3 1.4 0.051 25 
160.0 180.4 248 G, 1.3 0.091 80 

ee 0.90 116.1 143.3 2010 7.0 7.5 1.42 90 
2 
0.125 81.3 192 0.8 1.5 0.24 
or 0.125 75 318 1.2 3.1 0.53 a 

ee 226 274 1360 7.1 4.2 0.70 100 
tee 230 275 1900 6.7 3.8 0.69 100 : 
me 232 277 1890 6.1 3.4 0.67 90 
ioe 252 385 344 1.9 9 0.10 40 
Ny 247 290 215 2.8 1.4 0.07 45 

tae 221 263 348 2.9 1.8 0.14 30 : 
il : Naval Proving Ground steels (G, values obtained by NPG) 
0.131 193.8 1370 6.1 4.9 0.70 100 
a: 0.190 215.4 767 3.8 2.4 0.32 95 

peer 0.190 214.3 706 2.8 1.8 0.30 90 
Bae 0.130 187.6 1035 3.1 2.6 0.57 80 
at ats 0.129 187.7 883 2.7 2.3 0.48 90 
28 0.080 207.0 987 3.7 2.6 0.44 85 

Ne 0.080 211.1 305 1.4 0.9 0.13 80 

050° F 
ee po 0.080 254.3 293.4 176 3.9 1.8 0.05 53 
os 0.080 205.2 262.7 298 2.6 1.9 0.14 20 
Bea's 0.080 213.6 244.0 1195 3.8 2.5 0.50 60 

ae P| 0.101 149.3 172.1 583 1.9 2.5 0.46 30 
Fe 0.096 187.4 212.5 980 4.1 3.5 0.53 70 ; 
‘ 
0.100 1210 
0.100 1190 r 
0.100 1120 

Sgt 0.100 841 

0.100 972 
0.100 902 
0.100 1056 

D6AG2 0.100 211 
G3 0.100 340 
G5 0.100 498 
G7 0.100 1030 

0.050 210 250 % 4.0 2.7 0.04 ane 

Tae 0.050 199 209 303 1.5 1.1 0.15 ¢o0 
0.050 180 213 700 2.5 2.3 0.41 


determine those materials which 
may produce fictitiously high 
Charpy energy values. Additional 
evidence of fast fracture may be ob- 
tained by means of Charpy slow- 
bend testing; when the shape of the 
load-deflection diagram indicates 
crack propagation with little or no 
plastic-deformation work, the ma- 
terial is notch sensitive. Fracture 
appearance in titanium, however, 
is less informative. The percentage 
of 45 deg shear in the fracture sur- 
faces of the titanium alloys that did 
not show correlation between 
Charpy and G, varied from 25% in 
one of the 0.125-in. thick heats to 
65 and 80% in the two 0.062-in. 
thick heats. Thus, with titanium 
when the Charpy energy is low, slow 
bend should be used to indicate 
whether or not the Charpy impact 
value is likely to be fictitiously high. 

The reason for the lack of correla- 
tion in the more brittle materials is 
not altogether clear, but is believed 
to be due largely to elastic energy 
losses that sometimes occur with 
very low energy fracture. For ex- 
ample, titanium heat M8018 was 
tested by slow-bend Charpy and, 
from the load-deflection curve, was 
observed to absorb 1.25 ft-lb of 
elastic energy per 0.1 in. of specimen 
thickness. Assuming that at 
Charpy-impact strain rates the yield 
strength is increased by a factor of 
at least one-third, the amount of 
elastic energy absorbed would be 
raised to at least 2.2 ft-lb. From 
the G. value for this material (164 
in.-lb/in.*), only 0.5 ft-lb of elastic 
energy would be required to prop- 
agate fracture in the 0.315 x 0.1-in. 
Charpy cross section; i.e., approxi- 
mately 2 ft-lb or more of elastic 
energy would be left over and lost 
after fracture, which is sufficient to 
account for the lack of correlation 
between the Charpy value and G, in 
this material. If the anomalous 
Charpy results are due to elastic 
energy losses, as hypothesized 
above, anomalies can occur only 
when fracture propagation is fast, 
i.e., sudden and complete. Thus, 
any fracture in which there is an 
excess of elastic energy, over and 
above that required for its own 
propagation, must necessarily be a 
fast fracture and, at its onset, the 
crack length must be critical. The 
depth of a Charpy bar is 0.394 in.; 
thus, if there is to be an appreciable 
excess of elastic energy, the critical 
crack length for the material being 
tested must be considerably less 
than 0.394. Note in Fig. 15 that 
correlation is lost only when the 
critical crack length is less than ap- 
proximately 0.2 in., which is equiva- 
lent to an edge crack of less than 0.1 
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Fig. 14—Relationship between Charpy energy per 0.1-in. thickness 


and G.. 


(The numbers correspond to the 1st column in Table 3) 
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Fig. 15—Relationship between Charpy notch-toughness index and 
critical crack length at 0.2% yield stress 


in., i.e., approximately the depth of 
the Charpy notch. In other words, 
it appears that correlation between 
G. and Charpy can be expected 
provided the critical crack length 
(for an edge crack) is somewhat 
greater than the depth of the Charpy 
notch. In titanium, where fracture 
appearance does not give a satis- 
factory indication of brittle fracture, 
the shape of the load-deflection 
curve from Charpy slow-bend tests 
may be used to indicate whether or 
not fracture was brittle and, thus, 
whether or not the Charpy energy 
value is significant in terms of G,. 


The direct proportionality indi- 
cated in Figs. 14 and 15 for the more 
ductile materials suggests that by 
multiplying the Charpy energy and 
the notch-toughness index by suit- 
able constants, approximations for 
G,. and the critical crack length at 
the yield stress can be obtained 
directly from Charpy results as 
follows: 

28W 
= 


and 
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viz., two heats of all-beta B120VCA, 
which failed to meet the notch 
toughness requirement. The two 
heats of Ti — 4Al — 3Mo — lV that lie 
in the upper-right quadrant are in 
Ti-5A1-24Sn the solution-treated condition; i.e., 
TI-RAl-Rito-1¥ in a condition which would not 
ll normally be used because of thermal 
hihian instability. Note that the alumi- 
Stee! num materials tend to have low 
strength/weight ratios, and that 


Fig. 16—Relationship 
between notch 
toughness and ten- 
sile yield strength/ 
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where G, is the critical strain-energy 
release rate (in.-lb/in.*), C is the 
critical crack length (in.) at the yield 
stress, W is Charpy energy (ft-lb), t 
is sheet thickness (in.), E is Young’s 
Modulus (psi) and cy the yield 
stress (psi). 

Note from Table 3 that the in- 
dicated values for critical crack 
length at yield-strength stresses for 
the solution-treated-and-aged Ti-— 
4Al — 3Mo —1V materials vary be- 
tween 0.04 and 0.09 in. It seems 
unrealistic to expect that large 
welded sheet structures can be 
fabricated on a production basis 
free from all cracks and flaws of this 
small magnitude. Furthermore, 
subcritical cracks can slowly prop- 
agate to critical length as a result 
of the local yielding that is bound to 
occur at points of stress concentra- 
tion when the structure is loaded for 
the first time or by “low cycle 
fatigue”’ on subsequent loadings. 


Notch Toughness as a Function 
of Tensile Strength 

The most obvious physical re- 
quirement for a structural material 
intended for missile or aircraft ap- 
plications is high strength/weight 
ratio. Aluminum and titanium, by 
virtue of their low density, are com- 
petitive with steel, in this respect, 
even though steel is capable of at- 
taining much higher tensile-strength 
levels. An equally necessary physi- 
cal requirement, if serviceable struc- 
tures are to be built, is notch tough- 
ness which, unfortunately, decreases 
rapidly with increasing tensile 
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strength in almost all structural 
materials. The work of Espey, 
Jones and Brown’ on a large number 
of high-strength steel alloys in 
various conditions of heat treatment 
indicated that notch sensitivity in- 
creased rapidly as yield strengths 
were raised above 200 ksi; i.e., few 
steels retained much notch tough- 
ness at yield strengths greater than 
200 ksi. 

The relationship between notch 
sensitivity (Charpy notch-toughness 
index) and tensile yield strength/ 
weight ratio for the materials tested 
at room temperature is presented in 
Fig. 16. Note that the plot is 
divided into quadrants; the loca- 
tions of the dividing lines are based 
on the assumptions that a minimum 
yield strength of 200 ksi (for steel in 
uniaxial tension) is required and 
that the structure should be able 
to withstand a crack at least '/; in. 
long at yield stress without failing 
catastrophically (i.e., a Charpy in- 
dex of 3 x 10~-* according to the 
relationship indicated in Fig. 15). 
All data lying in the lower quadrants 
represent materials that fail to meet 
the notch toughness requirements, 
and all data lying in the upper left 
quadrant represent materials that 
fail to meet the strength require- 
ment. Thus, the only materials 
meeting both the strength and 
toughness requirements are those 
represented by data in the upper- 
right quadrant. Note that all of 
the mill-annealed alloys tested lie in 
this quadrant with one exception, 


most of the steels as well as the aged 
titanium alloys show low notch 
toughness. Thus, the annealed ti- 
tanium alloys are indicated to have 
the best combination of strength 
and notch toughness. Further- 
more, these alloys are known to 
respond well to welding.‘ 

The plot in Fig. 16 compares the 
various materials on the basis of 
yield strength/weight ratio and 
notch toughness. The purpose of 
using yield strength, rather than 
ultimate strength is, of course, be- 
cause conventional design proce- 
dures call for working stre ses that 
lie within the elastic limit. How- 
ever, for missile applications, where 
materials are sometimes worked 
well into the plastic range, ultimate 
strength is also important. The 
mill-annealed alloys, in general, 
have very high yield-strength /ulti- 
mate-strength ratios, whereas the 
heat-treated alloys have relatively 
low yield /ultimate ratios. Thus, if 
ultimate strength/weight ratio were 
used in Fig. 16, the heat-treated 
titanium materials would appear in 
a less unfavorable light. 


Summary, Discussion and 
Conclusions 

The edge-notch Charpy impact 
test is, within its limitations, an in- 
formative and economical test for 
indicating notch sensitivity in high- 
strength sheet materials. Test re- 
sults are reproducible and testing 
is fast and easily conducted at ele- 
vated, room and subzero tempera- 
tures, requiring only a standard 
Charpy-impact testing machine. 
The test is sensitive to small varia- 
tions in material properties even in 
the very tough materials which can- 
not be evaluated by conventional 
notch-tensile tests unless very large 
test specimens are used. 

Charpy energy-to-fracture per 
unit of specimen thickness has been 
shown to correlate with G, in tough 
and moderately tough materials, 


© An investigation currently under way in the 
Metals Joining Branch of this Laboratory indi- 
cates that with special, but nevertheless practical, 
automatic welding conditions, excellent strength 
and acceptable toughness can be obtained from 
welds deposited in mill-annealed Ti-—6Al-—4V 
and solution-treated-and-aged 
1V. 
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i.e., materials having critical edge- 
crack lengths, at their respective 
yield stresses, somewhat greater 
than the depth of the Charpy notch. 
In more brittle materials, the elastic 
energy stored in the specimen is 
greater than the energy required to 
propagate the crack and, thus, 
fictitiously high Charpy values re- 
sult. In general, with steel sheet, 
the Charpy result correlates with 
G, if the fracture surface is pre- 
dominantly fibrous, i.e., contains less 
than 50% crystallinity. In tita- 
nium, however, fracture appearance 
is often misleading and when energy- 
to-fracture values are low (approxi- 
mately 3 ft-lb/0.1 in. or less) their 
validity must be questioned. The 
test is applicable to sheet in thick- 
nesses down to about 0.040 in. 
Specimens cut from thinner sheet 
often lack sufficient rigidity to frac- 
ture without buckling. 

The Charpy test is recommended 
as a screening test and as a supple- 
mentary test for use in conjunction 


with the notch-tensile G, test speci- 
men. Numerous specimens may 
be cut from the ends of a single 
broken G, test specimen and tested 
over a temperature range to provide 
notch sensitivity data as a function 
of test temperature. 

Comparisons between Charpy 
energy values as obtained from 
slow-bend and impact tests indicate 
that, in general, the effects of strain 
rate on Charpy energy-to-fracture 
in high-strength sheet materials is 
small except in the tougher materi- 
als, where considerably higher 
energy absorptions occur in impact. 
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Welding Titanium and Titanium Alloys 


The Welding Research Council has issued an Interpretive Report on the ‘‘Welding 
of Titanium and Titanium Alloys”’ by G. E. Faulkner and C. B. Voldrich. This has 
been published as Bulletin No. 56. 
Welded titanium assemblies are used in airplanes, jet engines, missiles and 
These assemblies are fabricated from sheet, bar, plate 
The suitability of welding processes and alloys for use in making 
welded titanium assemblies is related to the chemical and metallurgical charac- 
An understanding of these characteristics is important 
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Notch-Ductile Weld Metal for Dynamically 
Loaded T-1 Steel Structures 


Investigation leads to development of electrodes capable 
_of producing weld deposits responding to a stress-relief anneal and 
exhibiting both static and dynamic properties equivalent 


to those of T-1 base metal 


BY JULIAN S. KOBLER 


Introduction 


Brittle Behavior of Welded Structures 
The general concepts of weldability, 
though vast in scope, demand a 
continued reappraisal of theories and 
developments, which, in a practical 
sense, may affect the fabrication and 
service performance of high-strength 
weldments. Technological barriers 
heretofore encountered are rapidly 
disappearing. Yet today, with the 
advent of new structural materials 
available to the industrial world, 
novel problems peculiar to an ad- 
vanced technology confront those 
who are directly or indirectly con- 
cerned with their fabricability. 
Among the foremost of the prob- 
lems facing the metallurgist and 
welding engineer of today is that of 
brittle failure. An analysis of the 
major factors resulting ir the failure 
of welded structures has revealed 
the importance of a property of 
metals described as “notch tough- 
ness.” This is defined as the rela- 
tive ability of a material to absorb 
energy and carry loads in the pres- 
ence of notches and other dis- 
continuities producing steep stress 
gradients. Unfortunately, though 
structures may be designed well 
within the yield strength of mate- 
rials selected, the significance and 
importance of properties other than 
the yield are not usually given 
serious consideration where high 
plastic ductility provides an ad- 
ditional safety factor. Yet it has 
been established that as a result of 
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the improper selection of materials, 
imperfections in design or work- 
manship, or a combination of these 
factors, there are developed points of 
high stress concentration which may 
move to failure with little or no 
plastic deformation before full work- 
ing stress can be achieved in the 
structure asa whole. On this prem- 
ise, notch toughness, specifically 
with respect to the selection of mate- 
rials, assumes paramount impor- 
tance in design, particularly where 
contemplated service temperatures 
of the structure extend over a 
relatively wide range. 

The question of the effect of 
temperature on the mechanical 
properties of steel is no longer aca- 
demic, but continues to pose a serious 
practical problem in service at low 
and, occasionally, at moderate am- 
bient temperatures. Lowering the 
operating temperature of steel has 
the same qualitative affect as a 
drastic increase in the rate of load- 
ing, the severity of a notch, or the 
intensity of stress concentration. 
This characteristic has been clearly 
demonstrated in studies relating to 
structural failures of welded mer- 
chant ships. It has been estimated 
that such failures, over a 9-yr period 
ending in 1950, resulted in a loss 
approximating $50,000,000.00.' This 
figure does not reflect failures in 
structures such as bridges, pipelines. 
pressure vessels, and others of a like 
nature, for the same period. In 
most instances, these casualties were 
catastrophic and occurred at moder- 
ate or low temperatures under con- 
ditions of light loading. Long-range 
investigations conducted on steel 
plates sectioned from these struc- 
tures clearly indicated that stresses, 
slightly above yielding, could ini- 
tiate brittle fracture at a sharp notch 


or crack, below what is sometimes 
termed the nil-ductility temperature 
of steel. In addition, it was de- 
termined that conditions for the 
propagation of brittle fracture 
through complete failure were not 
nearly as severe as those required for 
initiation. At service temperatures 
below the critical or fracture transi- 
tion temperatures for elastic loading, 
brittle fractures propagated where 
only a minimum stress level was 
exceeded. This stress level was 
found to be absurdly low, ap- 
proximating a value of 5000 psi, thus 
confirming the necessity for utiliza- 
tion of notch-tough materials for 
construction. 


Weldability and the Fracture 
Transition Concepts 

For clarity with respect to the 
transition concept, as related to 
brittle or ductile behavior of steel 
in the presence of notches and 
under drastic loading, reference 
is made to the findings of Pellini, 
Puzak and associates who have pro- 
vided new and interesting theories.* 
The fundamental behavior theories 
expounded embrace fracture-energy 
characteristics within three major 
transition zones as illustrated in Fig. 
1 and expressly defined as follows: 

1. The Nil-ductility Transition 
(NDT). This is the temperature 
below which steel loses all ability to 
deform in the presence of a sharp 
notch. Fractures initiate imme- 
diately on reaching the yield 
point and propagate easily through 
the elastic loading region. 

2. The Fracture Transition for 
Elastic Loading (FTE). This is the 
temperature below which initiated 
fractures will propagate through 
elastically loaded regions and above 
which fractures will propagate only 
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through plastically loaded regions. 
At this temperature fracture initia- 
tion must be forced. However, as 
the service temperature is lowered 
from the FTE to NDT, the force 
necessary for fracture initiation is 
reduced. 

3. The Fracture Transition for 
Plastic Loading (FTP). This is the 
temperature above which only shear 
tearing is possible and propagation 
cannot occur. Despite the severity 
of drastic loading, ductile failure can 
occur only following severe deforma- 
tion. At temperatures between the 
FTE and the FTP, propagation be- 
comes increasingly difficult. 

Existence of the relationship be- 
tween the transition concepts and 
weldability cannot be ignored. The 
latter has been defined as ‘““The 
capacity of a metal to be fabricated 
under the conditions imposed, into a 
specific, suitably designed structure, 
and to perform satisfactorily in the 
intended service.”* General weld- 
ability problems posed with respect 
to brittle behavior of weld deposits 
and base metal have undergone ex- 
tensive investigation within the last 
two decades. Impetus was fur- 
thered by the development of low 
hydrogen, mineral covered elec- 
trodes and the advent of the inert- 
gas-shielded metal-arc welding 
processes. Both have provided the 
chemical and metallurgical control 
of weld deposits to the degree ex- 
perienced in orthodox steel-making 
practice. 

As a result of the concurrent 
achievements in steels and filler 
metals, strength levels of fabricated 
weldments have increased phenom- 
enally in recent years. Today, 
the tendency has been to push prop- 
erties of materials to their limits. 
Strength-to-weight ratios have 
soared, and joint tensile strengths of 
300,000 psi are no longer considered 
out of the realm of feasibility. 
Coincidentally, service conditions 
imposed on welded structures have 
increased in severity, both at low 
and high environmental tempera- 
tures. Low margins of safety and 
critical consequences of failure are 
becoming the rule. Accordingly, 
problems necessarily have become 
more complex. From contempo- 
rary weldability studies there have 
evolved a number of basic principles 
for obviating brittle failure in weld- 
ments of the type under discussion. 
These can be classified as follows: 

1. A design which will produce a 
functionally suitable structure with 
adequate strength under all possible 
service conditions, including the 
accident case where drastic loading 
occurs. 


2. Satisfactory workmanship 


and fabrication that will tend to 
carry out the intent of the design, 
that is, to produce welded joints of 
the intended strength with a mini- 
mum of notch defects. 

3. Steel plate and weld metal 
that possess the properties antici- 
pated by the designer, that is, mate- 
rials capable of withstanding high 
stresses and dynamic loading in the 
presence of notch defects or flaws, 
within a wide range of operating 
temperatures. 

The latter poses the most per- 
plexing problem of all, for it in- 
volves the careful selection of mate- 
rials that will conform to the re- 
quirements of anticipated service. 
It is obvious that no intricately 
welded structure can be realistically 
designed and fabricated without the 
probable existence of notch defects 
or flaws, and that materials of sub- 
stantial static and dynamic proper- 
ties capable of withstanding the 
high stresses and impacts of service 
must be considered. For this rea- 
son, selection of materials normally 
should be restricted to those pos- 
sessing NDT and possibly FTE 
transitions well below the minimum 
operating temperature of designed 
structures. 


Application of Concepts to Fabrication of 
Missile-Launching System Mk 3 

The prime problem encountered 
in planning for the manufacture of a 
shipboard missile-launching system, 
designed and developed by the 


United States Naval weapons plant, 
was essentially one involving metal- 
lurgical and weldability considera- 
tions. It was contemplated that 
this complex welded structure could 
be subjected to exceedingly high 
stresses and impact at service tem- 
peratures as low as 10° F. Design 
was further limited by rigid maxi- 
mum weight requirements. This 
necessitated utilization of materials 
possessing combined properties of 
high yield strength and notch duc- 
tility under operating conditions 
which could conceivably produce 
stresses approaching the yield. 

Consequently, selection of mate- 
rial was necessarily restricted to a 
light-gage, high-yield-strength struc- 
tural steel. T-1 steel was chosen for 
this purpose. It was in limited use 
for pressure-vessel construction in 
the United States and Japan, and 
although little performance back- 
ground had been accumulated, it 
was known that quenched-and- 
tempered steels offer many ad- 
vantages if properly designed, manu- 
factured and fabricated. These al- 
loys can be used at much higher 
strength levels without concern of 
premature static failure. T-1 steel, 
in addition to its higher strength, is 
also characterized by high toughness 
in order to insure ample protection 
against brittle fracture. 

It is well to consider at this point, 
however, that the use of a new com- 
plex alloy steel in a particular ap- 
plication may bring to light certain 


Table 1—Chemical Composition 
Range of T-1 Steel 


Element Percent 
Carbon 0.10 -0.20 
Manganese 0.60 -1.00 
Silicon 0.04 -max 
Sulfur 0.05 -max 
Phosphorus 0.015-0.035 
Nickel 0.70 -1.00 
Chromium 0.40 -0.80 
Molybdenum 0.40 -0.60 
Vanadium 0.03 -0.10 
Copper 0.15 -0.50 
Boron 0.002-0.006 


Table 2—Minimum Mechanical 
Properties of T-1 Steel 


Yield strength (exten- 


sion under load) 90,000 psi 
Tensile strength 105,000 psi 
Elongation (in 2 in.) 18% 
Reduction in area 55% 


Charpy-V impact transition values 
Nil-ductility transition —90°F at 20 ft-lb 
Fracture transition 

for elastic loading 
Fracture transition 

for plastic loading 


—45° F at 25 ft-lb 


0° F at 32 ft-lb 


Table 3—Description and Identification of Arc-welding Electrodes 


Electrode 
identifi- Size, 
cation in. Classification 

A 11015 
B 5 12016 
Cc / 11018 
D 5/39 11015 
E 5/59 11015 


Status at time 
of test 
Experimental 
Commercially 
available 


Covering type 
Low-hydrogen 
Low-hydrogen 


Low-hydrogen 

iron-powder 
Low-hydrogen 
Low-hydrogen 


Experimental 
Experimental 
Experimental 
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unforeseen and objectionable char- 
acteristics which must be eliminated 
before fabrication can be considered 
practicable. This proved true in 
the development of procedures for 
the welding of structures for missile- 
launching system Mk 9. Com- 
plicating the problems was the pro- 
hibition of preheat prior to welding 


ENERGY ABSORBED (FT.i8.) 


TEST TEMPERATURE (*F) 
. 1—Fracture-transition temperatures 
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Fig. 2—Unrestrained-groove test plate for 
tensile specimens 


Fig. 3—Unrestrained-groove weld; joint 
welding procedure 
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in order to prevent possible micro- 
structural transformation from a 
notch-tough low-carbon martensite 
to a notch-sensitive austenite-en- 
riched microstructure. Such trans- 
formation could be anticipated as a 
result of retardation of the weld 
cooling rate. 

Furthermore, for purposes of 
fabrication, where dimensional sta- 
bility was of major importance, it 
was essential to provide for stress- 
relief annealing during assembly. 
Though T-1 steel, according to the 
manufacturer, did not decrease in 
strength and notch toughness as a 
consequence of stress relieving, little 
was known concerning the reaction 
of weld metal subjected to such a 
thermal cycle. The only data avail- 
able at the time, from either the 
manufacturer of the steel or the 
producers of arc-welding electrodes, 
could be summed up as follows: 

1. Until 1956, 100% weld-joint 
efficiency could not be obtained by 
any weld metal deposited with a 
commercially available electrode un- 
der conditions specifying stress- 
relief annealing without an embrit- 
tling effect. 

2. In 1956, development of elec- 
trodes progressed to a level whereby 
stress-relieved weld metal ap- 
proached the mechanical properties 
desired. Unfortunately, additional 
weldability complications were evi- 
dent, and it became apparent that 
an electrode must be designed to 
meet the requisites of missile-launch- 
ing system Mk 9 application. 

The basic problem was therefore 
resolved by the development of an 
electrode capable of depositing weld 
metal producing a T-1 weld-joint 
efficiency of 100% under conditions 
requiring thermal sstress-relieving 
treatments. It was mandatory that 
no significant decrease in notch 
toughness occur in weld metal, base 
metal or the weld-affected zones. 
In essence, uniformity in static- 
and dynamic-strength levels was 
sought as a desired requisite for 
fabrication. 


Description of Material 


Metallurgical Considerations 
of Base Metal 

T-1 steel selected for this in- 
vestigation complied with the chem- 
ical composition range noted in 
Table 1. Mechanical properties of 
the steel exceeded the minimum 
requirements shown in Table 2. 

The most important metallurgical 
characteristics of T-1 steel are its 
microstructure, low-carbon content, 
and small percentages of alloy ad- 
ditions, such as manganese, nickel, 
chromium, molybdenum and boron, 


all of which tend to impart the req- 
uisite hardenability and insure that 
transformation on quenching occurs 
predominantly at low temperatures 
without cracking. The inclusion of 
a small percentage of vanadium 
assists in the retention of high 
strength after tempering at ele- 
vated temperatures, or after pro- 
longed stress-relieving treatments. 
The addition of copper increases its 
resistance to atmospheric corrosion. 
The microstructure is tempered 
martensite, and the carbon content 
is actually less than 0.20%. Supe- 
riority of this steel in toughness, 
strength and general weldability is 
basically a reflection of these factors. 

Low-carbon martensitic micro- 
structures are inherently tough, that 
is, they are highly resistant to 
brittle behavior when subjected to 
adverse service conditions. This 
characteristic as observed in T-1 
steel is obtained by manufacturing 
procedures utilizing a solution treat- 
ment at 1650° F. 


Arc-welding Electrodes 


Arc-welding electrodes selected 
for this weldability study are identi- 
fied and described in Table 3. 
Those electrodes designated as A, B 
and C were the only filler materials 
available for evaluation at the start 
of the investigation. Electrodes D 
and E were chosen for final testing 
only after a preliminary review of 
results obtained with the initial 
group of electrodes provided suffi- 
cient data to warrant a continuation 
of the study. Electrodes D and E 
were submitted in modified form by 
cooperating manufacturers of filler 
materials. 

All electrodes were specifically de- 
signed for the welding of T-1 steel to 
meet both the as-welded and stress- 
relieved tensile and impact-property 
requirements. Inasmuch as covering 
formulation was of the low-hydrogen 
type, containing no hydrogen-bear- 
ing compounds that would tend to 
cause underbead cracking or poros- 
ity, moisture in coverings was re- 
stricted to a minimum. 

No requirements with respect to 
chemical composition of nondilution 
weld metal were established as a 
prerequisite for the contemplated 
weldability study. Chemistry was 
optional so long as desired static and 
dynamic mechanical properties were 
comparable to those of the T-1 alloy. 


Test Methods and Results 


Unrestrained-groove-weld test 
plates for the determination of non- 
dilution weld-metal chemistry and 
tensile properties in accordance with 
Fig. 2 were prepared with joint 
welding procedures conforming to 
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those illustrated in Fig. 3. 

Restrained-groove-weld plates for 
the evaluation of impact properties 
of nondilution weld metal, heat- 
affected zone and fusion zone of 
multiple-pass weld joints, in ac- 
cordance with Figs. 4, 5 and 6 were 
completed with the application of 
joint welding procedures noted in 
Fig. 7. In order to impart longi- 
tudinal base-metal characteristics 
(equivalent to fully cross-rolled 
values) to the Charpy-V impact 
specimens, orientation of the weld 
axis was perpendicular to the direc- 
tion of rolling on the notched side of 
the affected-zone plates. 

Two restrained-zroove-weld plates 
for the qualitative evaluation of 
ductility and soundness of weld 
joints by means of a guided-side- 
bend test, were welded with elec- 
trode E in accordance with joint 
welding procedures shown in Fig. 8. 

All test plates were permitted to 


cool to room temperature. Ap- 
12" 
ghee 
PLATE 
RESTRAINING 
PLATE 7 


| 


10° — 


Fig. 4—Restrained-groove test plate for 
nondilution weld-metal Charpy-V 
specimens 
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Fig. 7—Restrained-groove welds; joint 
welding procedure 


Fig. 5—Restrained-groove test plate for 
heat-affected zone Charpy-V specimens 
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Fig. 6—Restrained-groove test plate for 
fusion-zone Charpy-V specimens 


ELECTRODE SIZE : 3/16" 
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AMPERES 180 
VOLTS : 2 
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PASS SEQUENCE 


Fig. 8—Horizontal restrained-groove weld; 


joint welding procedure 


Fig. 9—Typical radiograph of T-1 elec- 
trode weld metal 


Table 4—Weld-metal Chemistry 


Composition of nondilution weld metal 


Electrode 
no. Cc Mn Si 
A 0.07 1.40 0.52 
B 0.08 1.27 0.48 
Cc 0.07 1.54 0.52 
D 0.06 1.34 0.39 
E 0.12 1.57 0.52 


Composition of base metal 


Cc Mn 
0.13 0.69 


Element, % 

Ss P Ni Cr 
0.014 0.019 1.84 0.66 
0.022 0.017 1.17 0.69 
0.017 0.022 2.78 0.06 
0.019 0.015 1.69 0.70 
0.018 0.015 1.03 
—_—_—Element, 

Ss P Ni Cr 
0.04 0.017 0.87 0.50 


H,O in 
Cu Mo Vv covering, % 
0.08 0.21 0.26 
0.09 0.41 ar 0.21 
0.03 0.47 0.02 0.30 
0.05 0.23 0.03 0.26 
0.15 0.21 
Cu Mo Vv B 
0.48 0.06 0.0046 


WELDING RESEARCH SUPPLEMENT | 163-s 


| 
22 
| 
S| | 
: 
4 
all 
2, 
| 
4 0.14 


proximately 24 hr after welding 
they were radiographed and then 
subjected to a stress-relief anneal at 
a temperature of 1100° F for two 
hours, followed by a furnace cool. 

Radiographic examination of 
‘welds made with all electrodes re- 
vealed no porosity, cracks or other 
weld-metal defects. Figure 9 il- 
lustrates typical weld quality as in- 
dicated through radiographic tech- 
nique. 

Chemical properties of plate ma- 
terial and nondilution weld metal 
were determined by laboratory anal- 
ysis of milled chips removed from 
the unrestrained nondilution groove 
welds and base metal. A tabula- 
tion of such properties is illustrated 
in Table 4. 


Table 5—Weld-metal Tensile Properties 


Mechanical properties of nondilution weld metal (stress relieved at 1100° F for 2 hr; 
standard 0.505 tensile specimens) 
Electrode Yield strength Tensile Elongation Reduction 
identification 0.2% offset strength in 2in., % in area, % 
100,500 108,500 24 66 
108 ,000 126 ,000 23.5 59 
124,000 133,000 13 ad 
102,500 108 ,000 21 63.5 
104,500 116,000 23 61 


Weld metal requirements for 100% joint efficiency* 
Yield strength Tensile Elongation 
0.2% offset strength in 2in., % 
100 ,000 110,000 18 


@ As-welded mechanical properties are greater in strength; comparable in tensile ductility. 


45° 


Fig. 10—impact- and tensile-specimen details 


Table 6—Weld-metal Impact Properties 


Charpy-V-notch weld-metal impact values in ft-lb (stress relieved at 1100° F for 2 hr) 
Testing temperatures,° F——_— 


Electrode 


identification —60 
A 23 


—10 


O 


+A 
CHARPY 
V NOTCH SPECIA 

oh 0.394" ENSILE SPECIMEN 

0.01 RAD. 
HU 
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Nondilution standard 0.505 ten- 
sile specimens (0.505 in. diam) 
conforming to Fig. 10 were ma- 
chined from the stress-relieved un- 
restrained groove welds. A _ tab- 
ulation of mechanical properties 
of nondilution weld metal appears 
in Table 5. Results were generally 
satisfactory, with electrodes A, B, D 
and E exhibiting yield strengths 
ranging from 100,500 to 108,000 
psi, and tensile strengths ranging 
from 108,000 to 126,000 psi. Duc- 
tility of weld metal as determined 
by percent elongation exceeded that 
of T-1 steel. Electrode C weld 
metal, however, was excessively 
high in both yield and tensile 
strength, and significantly below 
ductility requirements of the T-1 
alloy. 

Charpy-V-notch weld-metal im- 
pact specimens dimensioned as illus- 
trated in Fig. 10 were sectioned in 
accordance with Fig. 4 from the 
stress-relieved restrained-groove- 
weld plates. These specimens were 
subjected to impact testing at 
temperatures ranging from —60 to 
+80° F. Observed impact values 
are tabulated in Table 6. At the 
projected critical testing tempera- 
ture of 0° F, only weld metal de- 
posited by electrodes D and E 
actually exceeded normal T-1 steel 
longitudinal- or cross-rolled impact 
properties. 

Charpy-V-notch heat-affected 
zone impact specimens dimensioned 
as illustrated in Fig. 10 were sec- 
tioned in accordance with Fig. 5 
from the stress-relieved restrained- 
groove-weld plates in order to 
evaluate the thermal effects of 
welding on notch sensitivity. Im- 
pact-test results are summarized 
in Table 7. Observed values for 
specimens sectioned from plates 
welded with electrodes A, C and E 
approached those of the base metal. 

Charpy-V-notch fusion-zone im- 
pact specimens dimensioned as illus- 
trated in Fig. 10 were sectioned in 
accordance with Fig. 6 from the 
stress-relieved restrained-groove- 
weld plates in order to ascertain 
the dilution-diffusion effect on notch 
sensitivity of the fusion zone. Ob- 
tained impact values for specimens 
sectioned from plates welded with 
electrodes A, B, D and E are noted 
in Table 8. Results indicate that 
the energy absorption level of the 

specimens is equivalent to or 
exceeds that of the T-1 base metal. 


Hardness surveys taken trans- 
versely through base metal, af- 
fected zones and welds of the stress- 
relieved unrestrained-groove-weld 
plates are illustrated in Figs. 11, 
12, 13, 14 and 15. Observed Vic- 
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Fig. 11—Vickers hardness survey—electrode A 
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Fig. 12—Vickers hardness survey—electrode B 
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Fig. 13—Vickers hardness survey—electrode C 
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Table 7—Heat-affected-zone Impact Properties 
Charpy-V-notch heat-affected zone values in ft-lb (stress relieved at 1100° F for 2 hr) 


Electrode — Testing temperatures, ° F——— 
identification —60 —40 —30 —20 —10 0 10 
A ~ 19 23 31 26 34 
“a 21 20 47 
B Not tested 
Cc 29 20 14 17 
13 ve 15 18 
D Not tested 
E 13 17 20 21 24 26 
as ‘a 23 23 26 
23 
23 


20 40 60 80 
43 45 48 
36 45 
42 37 43 
41 
37 40 re 40 


kers hardness readings for joints 
welded with all electrodes were 
within the range estimated by the 
manufacturers of T-1 steel. 

A composite metallographic sur- 
vey traversing the weld, weld- 


base metal is illustrated in Fig. 16. 
It should be noted that in welding, 
the steel adjacent to the weld is 
subject to gradient heating with 
temperatures ranging from the origi- 
nal temperature of the plate to the 


affected zones and unaffected T-1 melting point of the steel. Since 
BASE METAL WAZ —— WELD METAL Ti BASE METAL 


DISTANCE (+4 0.015 INCH) 
Fig. 14—Vickers hardness survey—electrode D 
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the heating is very rapid, tempera- 
ture gradients in the heat-affected 
zone are extremely steep. After 
welding is completed, the heat- 
affected zone cools very rapidly 
by conduction into the surrounding 
base metal. Though the details 
of the microstructure in Fig. 16 
are not resolved at low magni- 
fication, consideration of transfor- 
mation characteristics will indicate. 
despite the fact that full harden- 
ability is not realized because of the 
extremely short austenitizing times 
involved, that transformation on 
cooling at rapid rates is predom- 
inantly to ferrite and bainite. More- 
over, cooling at these rapid rates 
permits little diffusion, so that 
ferrite precipitation and any upper 
bainite transformation does not 
lead to austenite enrichment which 
might take place at slower cooling 
rates. The region between the up- 
per and lower critical temperatures 
transforms to bainite with some 
spheroidization of the undissolved 
carbides. Theregion heated to tem- 
peratures between the final tem- 
pering temperature and the lower 
critical temperature is relatively 
narrow and experiences some soft- 
ening, whereas the region heated 
to temperatures below the final 
tempering temperatures is unaf- 
fected. Thus, the microstructure 
of the major portion of the heat- 
affected zone adjacent to a weld in 
T-1 steel consists of ferrite and 
higher-temperature bainite which is 
only moderately deficient in notch 
toughness as compared with the 
base metal with its primarily tem- 
pered martensitic lower bainitic mi- 
crostructure. 

Guided subsize side-bend speci- 
mens, */,; x '/, x 6 in., sectioned 
from the horizontal restrained- 
groove-weld plates welded with 
electrode E, were subjected to a 
guided-bend test. Weld-metal and 
fusion-zone ductility and soundness 
were excellent as illustrated in Fig. 
17. 
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Discussion 


Weld-metal and Heat-affected Zone 
Properties 


At the inception of the investiga- 
tion, there was concern over the 
possible detrimental effect of a 
stress-relief anneal on nondilution 
weld-metal properties. It was fur- 
ther conjectured that the thermal 
effect of welding on the metallurgical 
characteristics of the T-1 alloy could 
conceivably create an area within 
the heat-affected zone in which 
the notch sensitivity would be 
materially increased, resulting in 
poor ductility and low-impact values 
at contemplated service tempera- 
tures. However, after a review of 
test data obtained for the original 
electrodes submitted, electrodes A, 
B and C, it was evident that the 
major problem relating to weld- 
ability did not reflect these condi- 
tions. 

As indicated in Fig. 18, Charpy 
V-notch transition curves for 
electrodes A and B exhibited stress- 
relieved weld-metal energy-absorp- 
tion levels approaching those of the 
T-1 alloy at the critical testing 
temperature of 0° F. Estimated 
NDT and FTE transitions were 
both below expected operating tem- 
peratures for the missile system. 
The curve for electrode C revealed 
exceedingly notch-sensitive weld 
metal with energy-absorption values 
as low as 10 ft-lb at 0° F. The 
above data immediately excluded 
the C electrode as a potentially 
suitable filler material. 

Having determined that elec- 
trodes A and B apparently were 
capable of producing welds of ade- 
quate strength even though sub- 
jected to a stress-relief anneal, 
efforts were then directed to the 
investigation of the heat-affected 
zone of the T-1 alloy. Under sim- 
ilar conditions of restraint, welds 
were deposited with electrodes A 
and C, the former representing weld 
metal of satisfactory notch ductility, 
and the latter representing weld 
metal, notch sensitive in nature. 
Charpy-V-notch transition curves 
for heat-affected zone, as_ illus- 
trated in Fig. 19, indicated the 
notch ductility of the heat-affected 
plate material welded with elec- 
trode C to be appreciably greater 
than that of the filler metal. Ob- 
served values approached those for 
the affected plate joined with elec- 
trode A. In both cases the predicted 
NDT and FTE transitions were 
below projected service tempera- 
tures of the missile-system struc- 
ture. These findings correlated 
with the data issued by T-1 steel 
manufacturers and discounted the 
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Fig. 16—Typical metallographic survey of T-1 weldments. 
(Reduced by '/, upon reproduction) 
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Fig. 17—Subsize guided side-bend specimens after test 
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Fig. 18—Charpy-V transition curves for nondilution weld metal; 


stress;relieved 1100° F for 2 hr. 


TESTING TEMPERATURE —*F 


Fig. 19—Charpy-V transition curves for weld heat-affected zone; 


stress relieved 1100° F tor 2 hr. 


existence of a significantly weakened 
heat-affected zone. It was ap- 
parent that the thermal effect of 
welding on weld adjacent areas of 
the T-1 alloy was negligible. 


Fusion-zone Concept and 
Theory of Incompatibility 

In view of the positive results 
obtained for stress-relieved weld 
metal and weld heat-affected zones, 
there remained only one other weld 
region capable of displaying exces- 
sive notch sensitivity. This was 
the fusion zone. Experience has 
revealed that paths of failure in a 
weldment can move through base 
metal, weld metal, heat-affected 
zone or fusion zone. The latter 
cannot be described as either weld 
metal or heat-affected base metal, 
but is best defined as an extremely 
narrow discontinuous interface ap- 
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proaching microscopic dimensions. 
It is located at the juncture of the 
diluted area of weld metal (a homo- 
geneous compound of weld and base 
metal with its own distinct chemis- 
try) and heat-affected base metal 
as noted in Fig. 20. 


As a result of the liquid dilution 
of both molten weld and base metal 
in the heat of the welding arc, a 
discontinuous change in composition 
occurs across the weld-bead and 
base-metal interface. This con- 
ceivably creates an area within 
what is commonly termed weld 
metal, a subweld-metal zone of a 
composition unlike the nondiluted 
weld metal. At high temperatures 
below the melting point, and during 
the cooling phenomenon, solid-state 
diffusion‘ may act upon the com- 
position and partially compensate 


Fig. 20—Weldability zones 


for the initial dilution effect in the 
region of the interface. However, 
the reaction cannot move to com- 
pletion at the point of fusion be- 
cause of extremely rapid cooling 
from the molten state. This re- 
tards the diffusion process and pro- 
vides for retention of discontinuities. 
Where solid-state diffusion is cap- 
able of continuing for extended 
periods of time at high tempera- 
tures, nonuniformity or discon- 
tinuities at the fusion zone may be 
eliminated, or at least minimized. 

Though chemistry of the diluted 
subweld-metal zone is capable of 
calculation by means of the law of 
mixtures, composition of the nar- 
row fusion zone cannot be so es- 
timated in view of the incomplete 
process of diffusion. However, the 
fusion zone is said to consist of 
extremely thin layers of discon- 
tinuities, single-phase constituents 
and intermetallic compounds that 
tend to assume the properties 
of the surrounding area. In so 
doing, the distinctive effect of 
some of the brittle phases may be 
somewhat relieved. This relief is 
hypothesized on the premise that 
chemical incompatibility between 
weld and base metal is nonexistent. 
Where incompatibility prevails, the 
compensating influence of diffusion 
on discontinuities and phases formed 
in the region of the interface may no 
longer be effective. 

In view of critical service con- 
ditions anticipated for missile- 
launching system Mk 9, it was im- 
perative that the level of uniform- 
ity of properties developed across 
the stress-relieved weld and through 
the affected zones be commensurate 
with those of T-1 base metal. If, as 
expected, the structure might be 
required to withstand stresses to 
the limit of its yield, it was es- 
sential that no weakened zone exist 
through which a crack or flaw could 
move to sudden and catastrophic 
failure. Therefore, fusion-zone 
properties were evaluated. 

Charpy-V-notch transition curves 
for fusion zone as indicated in Fig. 
21 substantiated the probabilities of 
a notch-sensitive zone at the region 
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Table 8—Fusion-zone Impact Properties 


Charpy V-notch fusion-zone impact values in ft-lb (stress relieved at 1100° F for 2 hr) 


Electrode 
—60 


identification 
A 


B 


10 


11 
8 


8 
Not tested 


Testing temperatures,° F— 


of the stress-relieved weld—base 
metal interface for electrodes A and 
B. The levels of energy absorption 
at 0° F were considerably below 
the unaffected base metal, compar- 
able electrode weld metal, or heat- 
affected zone values. The predicted 
NDT was above contemplated op- 
erating temperatures of the struc- 
ture. 

Therefore, it was obvious that if 
electrodes A or B were utilized for 
fabrication of the missile launching 
system, an increasing risk of brittle 
failure in the notch-sensitive fusion 
zone could be created under ad- 
verse service conditions. A review 
of probable factors contributing to 
this weld-joint defect was based 
primarily on the theory of alloy 
incompatibilty between weld and 
base metal. On this premise, the 
theoretical composition of the di- 
luted subweld-metal zones were com- 
puted for multiple pass welds of 
electrodes A, B and C as noted in 
Table 9. 


Electrode Development and Obviation 
of Notch-brittle Fusion Zone 

The analysis of theoretical chem- 
istry of dilution or subweld-metal 
zones for electrodes A and B pro- 
vided preliminary theories for mod- 
ifying electrode design in order to 
obviate the detrimental dilution- 
diffusion effect on stress-relieved 
fusion-zone properties set up by the 
mechanism of incompatibility. 
These preliminary theories were as 
follows: 

1. Provide for a slight increase 
in carbon to compensate for the 
reduction in other alloying elements. 


This would tend to retain the re- 
quired tensile properties of electrode 
weld metal. 

2. Consider an increase in man- 
ganese as a compensatory alloy 
addition in order to meet tensile 
requirements and provide notch 
toughness under conditions requir- 
ing a stress-relief anneal. 

3. Restrict nickel to a reasonable 
maximum level not exceeding 180% 
of typical nickel content of the T-1 
alloy. No reduction in weld-metal 
strength or notch ductility below 
those observed for base metal would 
be anticipated as a result of this 
limitation. 

4. Reduce chromium content to a 


minimum. This could be accom- 
plished without affecting tensile 
properties in view of the proposed 
increase in carbon and manganese. 
Also, reducing the chromium con- 
tent to a minimum conceivably 
would avert the formation of ex- 
cessively brittle intermetallic com- 
pounds, complex chromium borides 
and single-phase metal-carbide con- 
stituents. 

5. Maintain molybdenum at a 
level not exceeding 60% of the typ- 
ical quantity contained in T-1 steel. 
This would tend to decrease transi- 
tion temperatures and provide for 
adequate weld-metal notch duc- 
tility. 
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Fig. 21—Charpy-V transition curves for fusion (dilution) zone; 


stress relieved at 1100° F for 2 hr. 


WELDING RESEARCH SUPPLEMENT | 169-s 


9 6 11 11 12 16 32 
| 5 7 11 8 11 - 10 17 20 ae 
4 4 11 9 9 ne 8 17 om se 
D 16 18 19 24 23 36 
E 15 19 27 33 41 34 35 37 a 39 L 
50 
20 
3 to = ELECTRODE q 
0 
—80 -~60 -40 -20 0 20 40 


In line with these considerations, 
development of an electrode to 
produce a nondilution weld de- 
posit conforming to the following 
approximate composition, was sug- 


. gested to cooperating electrode man- 


ufacturers: 


Carbon, 
Manganese, 
Silicon, % 
Nickel, % 
Chromium, ‘ 
Molybdenum. % 


Electrodes D and E represent 
filler materials submitted after rec- 
ommendations were issued. No 
major changes were effected in 
electrode D other than covering 
ingredient and processing modi- 
fications which facilitated a general 
rise in levels of energy absorption 
for both weld metal and fusion 
zone. However, as indicated in 
Fig. 21, the dynamic mechanical 
properties of the electrode D fusion 
zone were substantially below those 
of the base metal, whereas weld- 
metal impact properties shown in 
* Fig. 18 were unusually high. Fu- 
sion-zone efficiency based on the 30 
ft-lb level of base metal at 0° F 
approximated 76% whereas effi- 
ciency as Opposed to deposited weld 
metal was only 42%. It should 
be noted that, though the impact 
strength levels increased, uniform- 
ity through the weld joint had 
not yet been achieved. In ad- 
dition, the 30 ft-lb value at 0° F 
was not attained. Moreover, the 
predicted NDT of the fusion zone 


approached the projected service 
temperature of the missile-launch- 
ing system. The FTE appeared to 
be located within the operating tem- 
perature range. These were general 
indications that traces of incom- 
patibility remained. 

Modifications in the form of 
electrode-alloy design, instituted by 
the manufacturer of electrode E, 
were substantial in nature. The 
weld-deposit analysis, as noted in 
Table 4, was similar in chemistry 
to the suggested nominal com- 
position. Stress-relieved weld metal 
was equivalent to T-1 base metal 
in tensile properties to the extent 
that 100% joint efficiency could be 
expected. Most important, how- 
ever, was the establishment of a 
uniform level of energy absorption 
across the weld joint, as indicated 
by  Charpy-V-notch transition 
curves in Figs. 18 and 21, respec- 
tively. Impact values in each case 
compared favorably with those of 
the T-1 alloy. Estimated NDT and 
FTE temperatures were signifi- 
cantly below contemplated service 
temperatures of the missile-launch- 
ing system, thereby providing ade- 
quate notch ductility in the regions 
concerned. 

The theoretical composition of 
diluted subweld-metal zones for 
electrodes D and E also were de- 
termined by the method of com- 
putation used for electrodes A, B 
and C, as indicated in Table 10. 

The latter data appeared to re- 
inforce the theory of incompat- 
ibility and its effect on notch sen- 


Table 9—Theoretical Chemistry of Subweld-metal Zone; Electrodes A, B and C 


Electrode 
identification C Si 


A 0.41 
B 0.10 0.38 
Cc 0.09 0.38 


——Element, 


2.01 0.19 , Poor 


Notch 
ductility 
Poor in fusion 

zone 
Poor in fusion 
zone 


Ni Cr Mo 
1.55 0.61 


1.08 0.63 


in weld 
metal 


@ Computation based on dilution factor of 30% 


100, where x = vahunined hese sated natied and > = volume of weld metal deposited 


Table 10—Theoretical Chemistry of Subweld-metal Zone; Electrodes D and E 


Electrode 
identification C Mn 
D 0.08 1.15 
E 0.12 1.31 
Recommended composition 
0.10 1.60 


Actual composition 
Electrode E 0.12 1.57 


—_——Element, 


Notch 

Ni ductility 
1.44 ‘ Borderline in fu- 
0.98 sion zone 


@ Nondilution weld metal. 
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sitivity of the fusion zone. It leads 
to a possible means of overcoming 
or controlling brittle behavior in 
stress-relieved weldments of high- 
strength structural steels. 

Subsequent guided-side-bend tests 
performed on specimens welded 
with electrode E, and sectioned from 
a horizontal restrained-groove plate, 
substantiated the predicted sound- 
ness and ductility of the T-1 weld 
joint. 

The information obtained as a 
result of this investigation was 
utilized as a parameter in the pre- 
paration of a welding-electrode spec- 
ification for procurement purposes. 
This specification is specifically ap- 
plicable to electrodes suitable for 
the welding of T-1 steel structures 
subject to dynamic loading and where 
stress-relief annealing is mandatory. 
The major requirement, other than 
static and dynamic properties of 
weld metal, is the introduction of a 
minimum  fusion-zone_ efficiency 
based on the characteristics of 
weld and base metal, as determined 
by Charpy-V-notch fusion-zone im- 
pact tests. 


Conclusions 


Weldability investigations in re- 
cent years have provided consider- 
able data on the weld-base metal 
complex as it relates to the thermal 
effect of welding on adjacent zones. 
Collateral studies also have brought 
about a recognition of the impor- 
tance of notch ductility, as a requisite 
for materials utilized on welded 
structures, in order to minimize 
the likelihood of brittle failure 
under such adverse service con- 
ditions as: 


1. Stress concentrations at 
notches, sharp angles or abrupt 
changes in sections 

2. Rapid rates of loading 

3. Low environmental tempera- 
tures 


It is further assumed that notch 
ductility is preferable at a uniform 
level of energy absorption in all 
the zones of a weld joint through 
which a potential path of fracture 
exists. This requires comparable 
static and dynamic strengths for 
base metal, weld metal, heat-af- 
fected zone and from the evidence 
contained herein, the weld fusion 
zone. 

A notch-sensitive weld fusion 
zone exhibiting low energy-absorp- 
tion values was observed in stress- 
relieved welds deposited with avail- 
able electrodes designed for welding 
the recently developed T-1 high- 
yield-strength steel. It is con- 
cluded that poor fusion-zone im- 


— 
0.00 
bef) ; 
Pas 
3 
( 
Ab 
7 
- 
Si 
0.32 
0.38 
0.50 1.20 0.20 
0.52 1.03 0.15 


pact properties may be attributed 
to metallurgical defects created 
by the existence of chemical in- 
compatibility between electrode 
weld metal and multiple-alloyed 
base metal. 

It is theorized that liquid dilution 
and partial solid-state diffusion set 
discontinuities, intermetallic 
compounds and other single-phase 
constituents in the extremely nar- 
row interface defined as the fusion 
zone. Where there is compatibility, 
the brittle phases at the interface 
assume the characteristics of the 
surrounding weld and base metal. 
If, however, incompatibility exists, 
the ameliorating effects of the sur- 
rounding areas will not prevent the 
establishment of a notch-brittle 
fusion zone even though unaffected 
base metal, weld metal and heat- 
affected zones exhibit adequate 
notch ductility. 

Electrodes creating a notch-sen- 
sitive fusion zone in stress-relieved 
weld deposits on T-1 steel were not 
acceptable for purposes of fabricat- 
ing missile-launching system Mk 9 
in view of severe operating con- 
ditions and probable consequences 
of brittle failure in the structure. 

Electrodes were designed capable 
of producing weld deposits respond- 
ing to a stress-relief anneal and ex- 
hibiting both static and dynamic 
properties equivalent to those of 
T-1 base metal. Energy absorption 
levels as revealed by Charpy-V- 
notch impact tests were comparable 
for both weld metal and fusion 


zone. It has been established that 
notch ductility in the fusion zone 
was attained by modifying the 
chemical composition of the elec- 
trode such that dilution incompat- 
ibility between the weld deposit 
and the T-1 alloy was completely 
eliminated. These electrodes were 
considered suitable for fabrication 
of the missile-launching system Mk 
9 inasmuch as 100% joint effi- 
ciency was attained. 

An electrode specification was 
drafted for procurement purposes. 
This specification provided for elec- 
trode weld deposits suitable for the 
joining of T-1 steel where stress- 
relief annealing was mandatory. 
Static and dynamic mechanical- 
property requirements of weld metal 
were equivalent to T-1 steel, and 
a minimum fusion-zone efficiency 
of 80% was demanded for all 
welded joints. 


Recommendations 


The thermal effect of welding on 
properties of base metal and weld- 
adjacent zones has been overem- 
phasized to the extent that an 
unfortunate void has developed 
in the concept of weldability. In- 
troduction of multiple-alloyed high- 
strength steels has created a neces- 
sity for the expansion of this con- 
cept to include consideration of 
fusion-zone phenomena, based on 
the theory that fusion-zone prop- 
erties in high-strength-steel weld 
joints are inherently brittle and 


retain this detrimental character- 
istic in the presence of dilution in- 
compatibility. Conversely, fusion- 
zone properties assume character- 
istics of the surrounding metal 
(weld and base metal) where dilution 
compatibility prevails. If catas- 
trophic failures are to be avoided 
in the use of high-strength steels, 
additional investigation of the fac- 
tors involved must be undertaken. 
It is recommended that: 

1. Evaluation of notch sensitivity 
in the fusion zone of high-strength 
steel weld-joints should be included 
in any future contemplated weld- 
ability investigation. 

2. The fusion zone should be in- 
vestigated by means of X-ray dif- 
fraction or similar techniques in 
an effort to isolate and identify the 
detrimental brittle constituents at 
the weld interface. 

3. Studies relating to the dilu- 
tion-diffusion effect of weld and 
base metal, the theory of alloy 
incompatibility, and its resultant 
effect on notch sensitivity within 
the fusion zone should be pursued 
vigorously. 
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Evaluation of Laboratory Fatigue Studies 


for Welded Structures 


Discussion indicates how laboratory data can be 
used effectively to predict the behavior of welded structures 


subjected to repeated loads 


BY W. H. MUNSE 


During the last fifteen or twenty 
years, a great many laboratory 
studies have been conducted to 
obtain information on the resistance 
of welded structural members and 
connections to repeated loads. In 
some instances, the results of these 
various fatigue studies have been 
used for the design of structures and 
for the development of various de- 
sign specifications. However, oc- 
casionally incomplete evaluations of 
these laboratory data have resulted 
in the establishment of limitations 
which sometimes have been overly 
conservative. It is hoped that this 
discussion of the manner in which 
the laboratory results may be used 
effectively to provide for the design 
of welded bridges will help (1) to 
alleviate the fears sometimes ex- 
pressed over the use of welding for 
structures subjected to repeated 
loads, and (2) to show how the 
laboratory data can properly be 
used to predict the behavior of these 
structures. 

The AMERICAN WELDING So- 
cieTy’s Conference Committee on 
Welded Bridges has drawn heavily on 
the results of the various laboratory 
fatigue tests in establishing a stand- 
ard specification for Welded High- 
way and Railway Bridges. The 
latest edition of this specification, 
the 1956 edition, provides an ex- 
tensive table of permissible unit 
stresses for members that are sub- 
jected to repeated loads. These 
unit stresses are used for the design 
of fillet, plug, slot or butt welds and 
also for the members which are con- 
nected by these various types of 
welds, based on an estimated num- 
ber of maximum loadings to which 
the members of the various types of 
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bridges may be subjected. It is 
evident that the writers of the spec- 
ifications have relied heavily upon 
the results of the laboratory studies 
to arrive at realistic allowable work- 
ing stresses. 

In the use of the laboratory data 
for the development of the working 
stresses, it would be desirable to 
know the relationship between these 
data and the actual service condi- 
tions. However, in view of the 
variety of possible conditions, it is 
impossible to have data available to 
cover directly all field conditions. 
It is necessary to interpolate or 
extrapolate from the existing data 
and previous experience to provide 
for realistic comparisons or indica- 
tions of the behavior one should 
expect in the structures under service 
conditions. 

In making these extrapolations 
from laboratory to field conditions, 
it is essential that the behavior of 
the structures be understood fully 
and also that the fundamental be- 
havior of the materials and con- 
nections be known. These condi- 
tions have been fulfilled in the 
preparation of the AWS bridge speci- 
fications. However, occasionally 
evaluations of the laboratory data 
have been made by persons who did 
not have the background nor the 
information available to understand 
fully the significance of the studies. 
This lack of complete compre- 
hension has sometimes caused the 
prohibition of welding in instances 
where, with proper application, it 
would provide sound, efficient and 
economical structures. 

There are many welded structures 
in which fatigue is of no concern. 
However, in bridges and other 
structures in which moving loads 
are encountered, the question of 
fatigue must be given serious con- 


sideration. That the highway- and 
railway-bridge engineer is aware of 
these limitations is obvious from his 
bridge specifications. Neverthe- 
less, even in bridges the fatigue 
problems differ markedly for the 
various members and connections. 
Some members in railway and high- 
way bridges receive relatively few 
load applications during the life of 
the structure whereas other mem- 
bers may receive a relatively large 
number of repetitions of loading. 
In a similar manner, some members 
may receive relatively small changes 
in stress under loading whereas other 
members may receive reversals or 
large ranges of stress change. All 
of these conditions should be taken 
into account in the design of struc- 
tures to resist repeated loads. 

Of particular importance in struc- 
tures which are subjected to re- 
peated loads is the geometry of the 
details of the individual joints and 
members. The variations in stress 
concentration resulting from vari- 
ations in the connection and member 
details will provide large changes in 
the fatigue resistance of the members. 
Consequently, it is essential that the 
designers be familiar with and able 
to evaluate the effect of geometry on 
the fatigue resistance of structures. 
This question could be discussed at 
great length but might most ef- 
fectively be demonstrated by an 
illustrative example. 


Laboratory Tests 


Welded bridges are one of the 
principal welded structures for 
which fatigue must be considered. 
Consequently, data on the behavior 
of welded beams or girders will be 
used for the example. This infor- 
mation can then be compared di- 
rectly with typical welded girder 
bridges. 
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Many of the laboratory test mem- 
bers have been 12-in. deep beams 
tested on a span of 102 in. Al- 
though these members are relatively 
small in comparison to railway or 
highway girder bridges, they are of 
such a scale that the results of these 
tests should be directly applicable 
to the full-size structures. The 
component parts of the laboratory 
specimens, 1 x 5-in. flanges and 10 
x */:s-in. web plates, are of reason- 
able size and make it possible to use 
standard welding procedures and 
processes for fabrication. 

The various laboratory tests being 
considered have been conducted in 
200,000-lb fatigue-testing machines 
such as those shown in Fig. 1. 
These machines, when used for tests 
of welded beams, are capable of 
applying a maximum midspan load 
of approximately 112,000 lb at a 
rate of 180 applications per minute. 
Thus, approximately 250,000 cycles 
of loading can be applied in one day, 
or 1,000,000 cycles in approximately 
four days. One of the 12-in. welded 
beams may be seen in place in the 
near testing machine of Fig. 1. 

In the laboratory tests, data are 
obtained to provide relationships be- 
tween the applied stresses and the 
number of cycles to failure; gener- 
ally called S-N relationships. How- 
ever, only one type of stress cycle 
(zero to tension or complete reversal, 
etc.) and one type of member can be 
effectively represented by a given 
S-N curve. In determining this 
S-N relationship, each test provides 
only one stress level and one fatigue 
life (one point on the curve). Con- 
sequently, a great deal of time-con- 
suming testing must be done in order 
to obtain even one S-N curve. A 
typical curve from a series of tests 
conducted on butt-welded joints in 
flat plates is shown in Fig. 2. 

From the data of Fig. 2 it may be 
seen that a break in the S-N curve 
occurs at approximately 2,000,000 
cycles of loading. Because of this 
break in the curve, and based on the 
number of load applications various 
members and connections in bridges 
may be expected to withstand dur- 
ing their lifetime, most fatigue tests 
have been conducted at stresses 
selected to produce failure in 100,000 
to 2,000,000 cycles. These data, 
with appropriate factors of safety, 
may then be used in establishing 
working stresses for design speci- 
fications. 


Selection of Working Stresses 


The allowable working stresses 
selected for the specifications have 
generally been based upon fatigue 
strengths for failure at 100,000, 


Fig. 1--200,000-Ib fatigue machine for tests of welded beams and girders 


600,000 and 2,000,000 cycles. Ref- 
erence to the AWS bridge specifi- 
cation will show that short single- 
track railway bridges may be ex- 
pected to have a large number of 
maximum stress applications and as 
a result, the design of welded con- 
nections and members for such 
structures are based upon fatigue 
strengths at 2,000,000 cycles. 
Longer-span railway bridges and 
short-span highway bridges may be 
expected to receive a smaller num- 
ber of maximum stress applications 
and as a result, the allowable work- 
ing stress formulas are based upon 
fatigue strengths at 600,000 cycles 
of loading. Long-span highway 
bridges would be expected to have a 
relatively small number of repeti- 
tions of maximum stress and, for 


this reason, permissible stresses for 
these structures are based on fatigue 
strengths at 100,000 cycles. Thus, 
the specifications provide for the 
number of maximum load applica- 
tions the structure might be ex- 
pected to withstand. In addition, 
the required areas of the welded 
members and connections are based 
on the maximum and minimum 
stresses expected in the members or 
the range of stress to which they are 
to be subjected. 

In arriving at the design formulas 
in the specifications for railway and 
highway bridges, a number of 
factors had to be considered, in- 
cluding the variation in loading, 
the magnitude of loading, and the 
number of load applications. In 
addition, factors of safety had to be 
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Fig. 2—Typical S-N relationship—tests of butt-welded joints 
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Fig. 3—Typical modified Goodman diagram (extension 


of data from tests of welded beams) 


selected to provide structures that 
would not fail under the conditions 
for which they are designed. It is 
obvious that many approximations 
must be made to provide for the 
uncertainties in loading as well as 
the many simplifications normally 
made in our design procedures. 
Nevertheless, by a sound and effec- 
tive application of fundamental in- 
formation on the basic behavior ob- 
tained in laboratory studies and an 
understanding of the behavior of the 
structures in the field and of their 
design, specifications have been 
evolved which are suitable for the 
field assembly or repair of highway 
and railway bridges by welding. 

It is obvious that the laboratory 
data in a single S-N diagram such 
as that presented in Fig. 2 does not 
provide sufficient data to cover all of 
the field conditions. Consequently, 
it is necessary to havea series of 
such diagrams, each of which covers 
a different type of loading cycle. 
From such diagrams another type of 
plot or relationship may be pre- 
sented. This plot, shown in Fig. 3, 
is known as a modified Goodman 


diagram and shows the interrela- 
tionship between the maximum and 
minimum stresses for a particular 
member and a particular number of 
cycles to failure (in this case, 2,000,- 
000 cycles). This presentation of 
data provides for a somewhat closer 
correlation with the service con- 
ditions and indicates that both the 
range of stress and the maximum 
stress to which a member may be 
subjected are of importance in es- 
tablishing its resistance to repeated 
loads. 


Laboratory Tests and 
Service Conditions 


We are now in a better position to 
look more closely at the results of 
the tests that have been made on 
the 12-in. deep welded beams and to 
consider their relationship to the 
behavior expected from welded 
bridges. The data obtained from 
plain welded I-beams fabricated 
from three flat plates and tested on 
a stress cycle of zero to tension are 
superimposed on the diagram of 
Fig. 3. If we then assume that the 


Table 1—Summary of Estimated Fatigue Strengths for Welded Beams and Girders 
—Estimated range of stress for failure at — 


Approximate 


2,000,000 cycles, ksi* 
Beams-partial 


Type of max stresses, Plain welded Spliced length cover 
structure ksi beams beams plate 
Highway bridge ('/, max to 
max) 
9.0 to 18.0 20.5 to 41.0 15.0 to 30.0 7.0 to 14.0 
Railway bridge max to 
max) 
4.5 to 18.0 7.75 to 31.0 5.6 to 22.5 3.0 to 12.0 


ducted on stress cycle of zero to maximum 


* Values estimated from results of laboratory tests 
n. 
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welded beams or girders of a bridge 
would behave in a manner similar to 
that shown in Fig. 3 for a typical 
welded member, we may then ex- 
trapolate from the results of our lab- 
oratory beam tests to more realistic 
members and service conditions. 

However, before we can make our 
correlation between the laboratory 
tests and the field-service conditions, 
we must know something of the 
approximate maximum and mini- 
mum service stresses to be expected 
in the various types of bridges. 
For our rather crude comparison in 
this discussion, we might estimate 
that the dead load and live load for 
a highway bridge will be such that 
they produce a range of stress 
varying from one-half maximum to 
maximum. For a railway bridge 
this ratio might better be repre- 
sented by a range of stress varying 
from one-quarter maximum to maxi- 
mum. Although these variations 
in stress are approximate, they are 
believed to be typical of what might 
be expected in medium-span high- 
way and railway girder bridges. 

On the basis of the estimated 
maximum and minimum stresses 
assumed in the previous paragraph 
and the maximum allowable stresses 
permitted by our current design 
specifications, the approximate max- 
imum dead load and live load 
stresses to which the structures 
would be subjected are shown in 
column 2 of Table 1. Thus, the 
highway bridge may be expected to 
receive maximum stresses ranging 
from 9000 to 18,000 psi while the 
railway bridge may be expected to 
receive stresses ranging from 4500 
to 18,000 psi. These, then, are the 
maximum allowable stresses. The 
probability of obtaining or realizing 
loading conditions which will pro- 
duce maximum stresses of these 
magnitudes are relatively small for 
most bridges. Consequently, most 
cycles of loading would range from 
a dead-load stress to a maximum 
somewhat below the allowable max- 
imum of our design specification. 

The next question to be con- 
sidered concerns the relationship 
between the maximum design 
stresses and the stresses which 
would be necessary to produce failure 
in the members in question. By 
comparing the estimated maximum 
stresses incolumn 2 of Table 1 
with the estimated fatigue strengths 
(for 2,000,000 cycles) shown in col- 
umn 3, it may be seen that stresses a 
great deal higher than our maximum 
design stresses would be necessary to 
produce a fatigue failure even at 
2,000,000 applications of loading in 
a plain welded beam. The values 
presented in column 3 were obtained 
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by an extrapolation of the labora- 
tory data shown in Fig. 3. Although 
this provides a crude method of 
analysis, it is believed that the 
values presented are realistic and 
within reasonable limits of what one 
might expect if tests were conducted 
under the stresses noted. 

A second factor which might be 
considered for a welded girder would 
be the effect of a field-welded splice. 
Again, extrapolating from _ the 
limited results of the laboratory 
studies, one may expect to find 
values of fatigue strength at 2,000,- 
000 cycles equal approximately to 
those shown in column 4 of Table 1. 
Although these values are somewhat 
lower than the fatigue strengths for 
the plain welded beams, it may be 
seen that they are still much greater 
than the approximate maximum 
working stresses in column 2. In 


addition, it must be remembered 
that field splices for such members 
are generally placed at a point of 
low stress or low stress variation 
and, for this reason, the stresses at 
the splices would normally be ex- 
pected to be considerably below 
the maximum allowable stresses. 
A detail often used for welded 
beams or girders is the partial length 
cover plate. For this type of mem- 
ber, the section at the end of the 
partial-length cover plate becomes 
the critical location and the stresses 
at this section must be carefully 
analyzed. The data in column 5 of 
Table 1 are based on an extrapola- 
tion of a limited number of labora- 
tory tests but do indicate that the 
fatigue strength of a welded beam, 
at the ends of a partial-length cover 
plate, is much lower than the fatigue 
strength of the basic welded mem- 


ber. Therefore, unless lower values 
of allowable design stress are used at 
the ends of a partial-length cover 
plate, the factor of safety at this 
section will be much lower than for 
the other portions of the member. 

By carefully analyzing the data 
that have been presented, one may 
see that the fatigue strength of plain 
welded beams is such that members 
of this type should not be expected 
to fail if used in welded highway and 
railway bridges. Even splices, if 
properly prepared, may be expected 
to withstand the maximum allow- 
able design stresses without pro- 
ducing failures in welded bridges. 
However, there are other details 
that sometimes are used by bridge 
designers which, if used indiscrim- 
inately, may result in fatigue cracks 
if the maximum design stresses of 
the structures are realized. 


RESEARCH NEWS 


ASTM Reports on Fatigue 


The 1958 issue of References on 
Fatigue, STP 9-J, 76 pp., 8'/. x 11 
in., self cover, duplicated, is avail- 
able from ASTM Headquarters, 
1916 Race St., Philadelphia 3, Pa., 
at $3.50. One of an annual series 
started in 1950, this book lists ref- 
erences to articles published in 
1958 dealing with fatigue of struc- 
tures and materials. Brief abstracts 
are given for some of the 386 ref- 
erences. All 9 volumes dating 
from 1950 are available for $15. 


Course in Strain-gage Techniques 


A short course in strain gage 
techniques will be held in San An- 
tonio, April 4th through April 8th, 
under the joint sponsorship of the 
Society for Experimental Stress 
Analysis and Southwest Research 
Institute. 

The lecturers include: W. T. 
Bean, Jr., consulting engineer; W. 
M. Murray, professor of mechanical 
engineering, MIT; P. K. Stein, 
instrumentation engineer, AiRe- 
search Mfg. Co.; C. O. Vogt, proj- 
ect engineer, Century Electronics 
& Instruments, Inc.; L. J. Wey- 
mouth, manager, Strain Gage Ap- 
plications, Electronics & Instru- 
mentation Division, Baldwin-Lima- 
Hamilton. 


The meeting will cover such topics 
as basic theory of wire-resistance 
strain gages, details of gage charac- 
teristics, temperature effects in 
strain gages, evaluation of strain 
gages, strain-gage installation at 
normal temperatures, mechanical 
and electrical aspects of the gage 
system, electric circuits for strain 
gages, dynamic and static strain 
measurements, computing bridge 
circuits for direct measurements of 
quantities depending upon more 


than one strain, stress-coat as an 
auxiliary tool, measuring systems 
and instruments, high-temperature 
strain gages and their installation, 
problems, commercial equipment, 
rosette analysis and interpretation 
of observations, and load monitoring 
and stress analysis. 

Tuition for the course is $175. 
Address inquiries to Dr. M. M. 
Lemcoe, Southwest Research Insti- 
tute, P O Box 2296, San Antonio 6, 
Tex. 


Cathodic Etcher Introduced 


A cathodic vacuum etching ma- 
chine for the preparation of metallo- 
graphic specimens is offered by 
Nuclear Materials and Equipment 
Corp., Apollo, Pa. Originally de- 
veloped for use in their laboratory, 
the machine is said to have revealed 
a versatility and a quality of etch 
not attained by other methods. 

Microscopic structure is revealed 
by the selective removal of atoms by 


/- 


Type 304 stainless steel etched 25 
minutes. X 250 


positive ion bombardment from a 
cathodic sample in a partial-vacuum 
glow-discharge system. Materials 
otherwise difficult to etch can be 
made to reveal fine structural detail 
in very light to very deep etches 
suitable for examination by optical 
or electron microscopes. 

Model 4CVE is designed for 
conventional laboratory operation 
with metals, cermets and ceramics 
mounted in usual manner. 


Type 304 stainless steel, as cold worked, 
etched 25 minutes. X 250 
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BULLETIN SERIES 


Requests for single copies should be sent to the 
AMERICAN WELDING SOCIETY, 29 W. 39th St., New York 18,. . 


Requests for bulk lots of ten or more, should be sent to the 
WELDING RESEARCH COUNCIL, 29 W. 39th St., New York 18, N. Y. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


No. 


45 


49 


50 


51 


52 


57 


58 


Ten Years of Progress in Pressure Vessel Research, by F. L. Plummer, R. D. Stout, E. Wenk, Jr., 
and |. E. Boberg, December 1958. $1.00. 4 


Observations of Strains Near Reinforced and Non-Reinforced Cone-cylinder Intersections, by 
Charles Kientzler and S. F. Borg; Discussion, “Design Formulas for a Thin Cylinder with Cone f 
Shaped Ends,”’ by Cyril O. Rhys, January 1959. $1.00. 


An Experimental Investigation of Open-web Beams, by A. A. Toprac and B. R. Cooke, February 
1959. $1.00. 


Plastic Design of Pinned-base Gable Frames, by Robert L. Ketter, March 1959. $1.00. 


Stresses in a Spherical Vessel from Radial Loads Acting on a Pipe; Stresses in a Spherical 
Vessel from External Moments Acting on a Pipe; Influence of a Reinforcing Pad on the Stresses 
in a Spherical Vessel Under Local Loading, by P. P. Bijlaard, April 1959. $3.00. 


Stresses in Spherical Vessels from Local Loads Transferred by a Pipe; Additional Data on 
Stresses in Cylindrical Shells Under Local Loading, by P. P. Bijlaard, May 1959. $2.00. 


Theoretical Stresses Near a Circular Opening in a Flat Plate, Reinforced with a Cylindrical 
Outlet, by E. O. Waters; Stresses in Contoured Openings of Pressure Vessels, by D. E. Harden- 
bergh; A Three-dimensional Photoelastic Study of Stresses Around Reinforced Outlets in 
Pressure Vessels, by C. E. Taylor, N. C. Lind and J. W. Schweiker; Unreinforced Openings in a 
Pressure Vessel, by F. S. G. Williams and E. P. Auler, June 1959. $2.00. 


A Review, Comparison and Modification of Present Deflection Theory for Flat Perforated Plates, 
by V. L. Salerno and J. B. Mahoney; Correlation of Experimental Data with Theory for Perfor- 
ated Plates with a Triangular Hole Array, by L. Deagle, July 1959. $1.00. 


Plastic Design of Pinned-Base ‘‘Lean-to’’ Type Frames, by Robert L. Ketter and Bung-Tseng Yen, ‘ 
September 1959. $1.00. 
Bending of 2:1 and 3:1 Open-Crown Ellipsoidal Shells, by G. D. Galletly, October 1959. $1.00. f 


Fourth Technical Progress Report of the Ship Structure Committee, November 1959. $1.00. 


Interpretive Report on Welding Titanium and Titanium Alloys, by G. E. Faulkner and 
C. B. Voldrich, December 1959. $1.00. 


Some Observations on the Brittle Fracture, by G. M. Boyd, January 1960. $1.00. 


Strength of Aluminum Alloy 6061-T4 Thick-Walled Cylindrical Vessels Subjected to Internal 
Pressures, by J. Marin and Tu-Lung Weng, March 1960. $1.00. 
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B RAZ E W 3 L D N G adds strength, 


helps prevent squeaks, leaks, and rattles in Rambler’s 


all-welded, single-unit construction of body and frame. 


? peau braze welding is being used increas- 

ingly for economical assembly of many steel 
articles which do not lend themselves to joining by are 
welding or resistance spot welding. Applications range 
from auto bodies and appliance cabinets to frames for 
bicycles. In most cases, Anaconda distributors can help 
you select the rod for your job. But if you have a special 
problem, Anaconda welding engineers are at your ser- 
vice. Write: The American Brass Company, Waterbury 
20, Conn. In Camada: Anaconda American Brass Ltd., 


New Toronto, Ontario. 


5979 


For details, circle No. 8 on Reader Information Card 


Extension side roof and roof panel on a 
Rambler Cross Country station wagon be- 
ing joined by oxyacetylene braze welding 
with Anaconda-997 (Low Fuming) 
Bronze Rod. Braze weld between rear 
quarter pillar and side roof rail (to left 

is one of several made primarily to pre- 
vent water leakage. American Motors 
welding engineers have found braze weld- 
ing with Anaconda-997 (Low Fuming 

Bronze Rod to be an efficient and econom- 
ical production tool. The alloy bonds to 
steel easily. The relatively low application 
temperature minimizes distortion and 
makes it easy to control weld metal. Weld- 
ing operations on a moving assembly line 
are fast, and finishing time is reduced. The 
rod’s low fuming characteristics make 
normal ventilation facilities adequate. 


There are up to 30 areas, depending on 
the model, where braze welding is used to 
augment electric welding to give Ameri- 
can Motors Ramblers an all-welded, single- 
unit construction of body and frame with 
high strength, safety, and quiet operation. 
American Motors claims for this construc- 
tion elimination of squeaks and rattles, also 
better utilization of space and greater 
durability. 


ANACONDA 


WELDING ROD AND WIRE 


Made by The American Brass Company 


ba 
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AIRCO GAS — ARGON, IN THIS CASE — and Aircomatic® —_facturer cuts aluminum plate to size with Aircomatic and argon 
equipment — do double duty here. An aluminum trailer manu- —_. . . then welds the trailer parts — with the same equipment. 


AIRCO 
INDUSTRIAL 
GASES 


Working with exotic or reactive metals? Keep them 
tame as a puppy with Airco helium or argon. 
Whether you’re melting, casting, welding or even 
arc-cutting them—they work easily under their pro- 
tective blankets of Airco gas. 

And remember that other Airco gases such as 


can benefit your operation, too 


150 East 42nd Street, New York 17, N.Y. 


oxygen, nitrogen, hydrogen, acetylene and carbon 
dioxide are always ready to serve your metalworking 
operations. 

Let Airco specialized gas knowledge work for you. 
Call your nearest Airco office. 


See Airco Booth 303, Welding Show, Los Angeles April 26-28 


On the west coast— 
Air Reduction Pacific Company 


REDUCTION SALES COMPANY iternationaity- 
Al m co A division of Air Reduction Company, incorporated 
2 


Airco Company International 
In Cuba— 
Cuban Air Products Corporation 


in Canada— 
Air Reduction Canada Limited 


Offices and authorized distributors in most principal cities All divisions or subsidiaries 


of Air Reduction Company, ing, 


Engineers! Air Reduction offers career opportunities in the field of cryogenics. Contact Personnel Manager, New York, 
For details, circle No. 9 on Reader information Card 


 Airco-Gas 
uF 
4 


